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EDITORIAL 


THE excellent American periodical “ Metals and Alloys” has devoted its October issue to brief articles suggesting 
short cuts to faster production in many of the metal working industries. The authors of the articles are Experts, 
most of them occupying executive positions in leading engineering and industrial establishments. The issue 
itself and the comments of the writers introducing practical suggestions for speeding up production, prove the deep 
interest the U.S.A. engineering industries are taking in the common struggle for destroying Hitlerism. The 
problems treated, and the suggestions given in these short articles are topical and are of value to the British 
industries in such a measure, that we felt they should be made known to the leaders of British industry. On the 
following pages we are publishing the first section of the issue, namely 14 articles on Faster Production of Wrought 
and Cast Metals. Further sections, 22 articles on Fabrication and Treatment, 15 articles on Design and 
Material Selection, and 8 articles on Inspection and Testing will be published in our next number. 


BLAST FURNACE PRACTICE. 
By RALPH H. SWEETSER, Consultant in Blast Furnace Practice, New York. 





How can we get more pig iron out of the iron 
blast furnaces already built and ready to run ? 

The first answer is, a greater through-put of 
iron-bearing material when the maximum tonnage 
of coke is consumed in the furnace in 24 hours, 
provided that the quality of the pig iron is main- 
tained. Starting with the top limit of coke put 
through the furnace it is essential that the heaviest 
possible burden of ore and iron-bearing materials 
should be carried. The new “lean-slag prac- 
tice” allows this to be done as external desul- 
phurization with soda ash will prevent any high 
sulphur casts going into the mixer. 

In addition to being able to carry the maximum 
burden of ore with “ lean-slag practice,” there is 
no need for as much weight of limestone, with a 
consequent less weight of slag per ton of pig 
iron. These apparently small changes in the 
basicity of the slag do allow a greater through- 
put of iron-bearing material, but the sulphur in 
the pig iron made will be above the limits for 
quality steel, and must be removed by external 
desulphurization with soda ash. The feeding 
of the soda ash into the hot metal is easy and simple 
and fumes from the reactions are no longer 
troublesome. 

The elimination of “extraneous work for 
coke,” such as the heating and smelting of ma- 


terials that could be eliminated before charging 
into the furnace, whether it is -water in the air 
blast ; excess gangue in the ore; excess ash in 
the coke ; or even the COz gas in the solid lime- 
stone, allows that much more through-put of the 
iron-bearing material for the maximum tonnage 
of coke. 


The shutting of the iron notch without 
slacking the blast eliminates the usual settling of © 
the whole column of stock inside the furnace 
after each cast and prevents the slow driving and 
higher blast pressure that follow ; this means un- 
interrupted smelting, and.an increase of three- 
quarters of a ton of hot metal for each minute 
saved at a 1,100 ton furnace. 


The second answer to the question is the 
maximum safe utilization of the sensible heat of 
the hot metal as it flows into the ladles. This 
means the melting of certain kinds of light scrap 
in the casting ladles instead of filling it into the 
furnace through the charging bells. It is likely 
that this practice can be increased without any 
harm to the ladles or to the hot metal. Fast- 
running “‘lean-slag” hot metal is favourable to 
this practice; very low sulphur iron, or slow- 
running iron, would skull up the ladles if much 
scrap were used. 


OPEN-HEARTH FURNACE OUTPUT 
By Leo F. REINARTZ, Manager, Middletown Div., The American Rolling Mill Co., Middletown, Ohio. 


To eliminate “bottle necks” and delays the 
management must know the real facts. It is, 
therefore, advisable, depending on the size of 
the shop, to select three or more men—preferably 
industrial engineers—to study all phases of 


operations on each of the three turns in 24 hrs. 
and tabulate their findings. These men will 
localize the delays so that they may be classed 
and studied as engineering or operating pro- 
blems, 





410 





In the stockyards, delays may be due to track 
layout, or inadequate facilities for servicing 
locomotives with coal and water. Oil electric 
locomotives, if properly maintained, give almost 
100 per cent. service in 24 hrs. Sufficient 
time and labour should be available to be sure 
overhead cranes do not cause delays due to poor 
maintenance. 

Enlarging scrap pans, within the limits of 
charging machine capacities and open-hearth 
furnace door clearances, is helpful in speeding 
up shipment of scrap to the furnaces. Re- 
shearing heavy melting scrap into smaller pieces, 
the weight in charging pans can be increased 
15 to 30 per cent., thus expediting the charging 
of furnaces. More time and labour spent in 
loading all kinds of scrap into pans in the stock- 
yard will also decrease charging delays. 


The All-Basic Open-Hearth 


This type of furnace, used for many years in 
Germany, and similar designs used in England 
and Australia, have made possible an increase in 
yearly production, averaging from 15 to 25 per 
cent. Basic bricks are used in the entire end 
construction above the slag pocket arches. From 
end to end of the furnace all bricks in the roof are 
basic and are suspended with suitable spring 
arrangements for the movement of brick when 
heating and cooling the furnace. Basic bricks 
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are also used in the front and the sloping back 
wall construction. Although in such type fur. 
naces the slag deposit is materially reduced, for 
best operation, it must be removed in frequent 


intervals. Higher fusing temperature brick js 
required in the checker chambers, and pro- 
visions are made for blowing the checkers re- 
gularly, as well as removing the dust from the 
chambers several times during the long campaign 
—preferably through tunnels under the slag 
pockets. In those shops where 45 to 55 per 
cent. hot metal is available, scale treatment of 
the hot metal at the open-hearth shop, for the 
reduction of silicon to 0.30-0.50% before pouring 
it into the open-hearth furnace will permit re- 
duction in the limestone charge, and increase 
the tons per hour of the furnaces. This practice 
will allow the use of more hot metal in the charge 
without the use of charge ore or without loosing 
flush-off slag. 

Speeding up furnace repairs may increase 
average furnace availability. Floor expediters in 
large shops can help decrease congestion and 
interferences by scheduling hot metal additions 
and charging operations. In the pit proper 
facilities for speeding up the cleaning and pre- 
paration of ladles, use of magnets, large grab 
buckets, and mechanical equipment for removing 
caps from moulds, should be available to de- 
crease delays. 


OPEN-HEARTH STEEL MAKING. 
By E. L. Ramsey, Superintendent, Steel Production, Wisconsin Steel Works, S. Chicago, Ill. 


For faster production the open-hearth should 
have : 


Scrap properly prepared and classified. 

Hot metal with lower silicon range. 

Slag control. 

Proper deoxidation practice. 

Fast and accurate service from the laboratory. 

Auxiliary equipment sufficient to correspond 
with the increased production. 

The trend of recent experiments and practices 
has been to use hot metal with a lower silicon 
range than 0.75 to 1.25%. By means of slag 


control the use of this low silicon metal permits 
a much lower limestone charge which results 
in a lower slag volume, a much faster working 
heat, and a more uniform heat as to temperature 
and degree of oxidation of slag and bath. 

There are several systems of slag control ; 
A sample 


one is known as the “ pancake ”’ test. 


of slag is poured into a test mould, allowed to 
cool and its chemical composition can be esti- 
mated by the appearances of the test. By the 
use of these tests corrections can be made to the 
slag, keeping the slag volume down to a mini- 
mum and maintaining the proper lime-silica 
ratio. This control results in faster and more 
uniform heats. It also produces the most 
favourable conditions for the deoxidation prac- 
tice and gives the most consistent recoveries of 
alloying constituents which are added to the bath. 
For steels of forging grade and subject to ma 
chining operations special attention should be 
given as to cleanliness and grain size specifica- 
tions. This means that the deoxidizers should 
be added so that the deoxidation reaction pro- 
ducts are easily fusible and fluid, and can rid 
themselves from the bath. Additions to the ladle 
can also be made so as to help reduce objec- 
tionable inclusions. 
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Along with the increase in demand for steel 
has come an increase in the percentage of heats 
that require hot topping. The revamping and 
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expansion of mould yards and equipment is 
necessary if the moulds are to be properly pre- 
pared. 


OPEN-HEARTH FURNACE CONTROL. 
By C. D. KiNG, Chairman, Open-Hearth Committee, U.S. Steel Corp. of Delaware, Pittsburgh. 


Tue efficient utilization of fuel and of flame 
temperature is of principal concern to the main- 
tenance of continuously high production rates. 
Measurement of the quantities of fuel and air 
ysed, correct proportioning of fuel and air enter- 
ing the furnace, proper application of flame in 
the combustion zone, and control of temperature 
in the furnace and regenerative systems, are 
essential to efficient combustion, fullest utiliza- 
tion of the heat developed in the furnace, and to 
the attainment of maximum refractory life. 


Furnace control begins with flowmeters for 
accurately measuring the gas and liquid fuel 
input. Flowmeters should be of the indicating, 
recording, and integrating type which permit 
control of the fuel input rate by the furnace 
operator and preserve a record of the fuel per- 
formance and of fuel consumption for each 
furnace. Only by this means can the fuel input 
during the course of a heat be regulated for 
greatest effectiveness, and the records studied 
with a view to obtaining the utmost in furnace 
performance. Liquid fuel meters should be 
supplemented with steam pressure and fuel 
temperature recorders to assure constantly effi- 
cient atomization at the burners. 


Proper draft regulation—which can be con- 
tinuously and exactly maintained by automatic 
equipment—minimizes infiltration of air above 
furnace floor level, maintains a balanced pressure 
condition within the furnace laboratory, con- 
tributes to improved flame direction and com- 
bustion, and reduces waste gas volumes thereby 
improving the useful life of furnace brickwork and 
checkers. 


During the melting down stage of a heat, the 
charge can absorb the maximum heat input 
without damage to the furnace structure. How- 
wer, it is during this very period that the tempera- 
ture in the furnace system and therefore also its 
stack effect is at its lowest, and, accordingly, the 


amount of fuel which can be properly burned is 
limited to the reduced amount of air which can be 
supplied under these conditions. As furnaces 
become older, the resistance in flues and regenera- 
tors increases and consequently less air is available 
on such furnaces than on new units. The use 
of forced air fans makes the furnace independent 
of either temperature conditions or frictional 
resistance so that the air required at all times can 
be provided according to the quantity of fuel 
used. Forced air equipment with provision for 
measuring the air delivered to the furnace assures 
a correct air input by regulation of the fuel-air 
ratio. A combination of measured forced air 
and automatic draft control offers an effective 
means for providing the correct furnace atmos- 
phere and efficient flame characteristics for rapid 
melting and refining. 

The measurement and recording of tempera- 
tures in various parts of the furnace system is 
essential to proper regeneration and the preserva- 
tion of refractories. Multiple recording pyro- 
meters with thermocouples (or radiation ele- 
ments) located in the checker chambers and flues 
permit either automatic or manual reversing of 
the furnace air and gas valves at the optimum 
regenerative temperatures for efficient recovery 
of heat from the waste gases. Careful control 
of reversal time in conjunction with temperature 
assures the correct preheating of combustion air, 
promoting maximum heat input to the furnace 
with simultaneous protection against burning 
of the checker brick. The actual reversal should 
be accomplished as rapidly as possible. A 
difference of as little as 5 seconds per reversal is 
equivalent to 450 tons or 3 heats per month at a 
10 furnace shop tapping 150-ton heats. Roof 
temperature control offers a means for maximum 
fuel input and production by safeguarding the 
roof refractories. It can also be used as a guide 
to the first helper, permitting him to make the 
adjustments manually. 


BESSEMER STEELS. 
By H. W. Grawam, Director of Metallurgical Research, Jones & Laughlin Steel Corp., Pittsburgh. 


CONSIDERED from the angle of speed alone, the 
Bessemer process stands at the top of the list. A 
converter will produce 25 tons of steel in about 
12 mins., or smaller blows in a few minutes less. 





The Bessemer process, as well as being a rapid 
steel making method, yields a product that con- 
tributes to rapidity of fabrication by machining 
and other processing. 
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ELECTRIC FURNACE TOP CHARGING. 
By G. V. LuerssENn, Metallurgist, Carpenter Steel Co., Reading, Pa. 


One of the outstanding methods of increasing 
production, with the added advantage of indirectly 
assisting in maintaining quality, is that of top 
charging. This involves the use of a furnace 
in which the entire roof, electrode and mast 
assembly can be removed for charging, either by 
lifting off entirely or lifting and swinging on a 
pivot. The charge is loaded in a suitable bucket 
which is lowered into the furnace by crane and 
unloaded through the bottom. 

As a specific example of this practice, a swing- 
roof type Swindell furnace is being used having 
a shell diameter of 11 ft., and an operating capa- 
city of approximately 10 tons. The roof together 
with the masts carrying the electrodes are in- 
tegrally mounted on a raising and swinging device 
between the shell and the winch motors, consisting 
of a hydraulic ram for lifting and a rack and pinion 
for rotating. The bucket is built of } in. welded 
plate, cylindrical in shape, 8 ft. high by 6 ft. 8 in. 
in diameter, with an orange peel bottom tied in the 
centre with heavy hemp rope. The bucket is 
loaded in advance by a magnet, preferably with 
heavy scrap on the bottom and the lighter scrap 
on top. 

After bottom and banks have been patched 
up, the bucket is brought up close to the furnace 
at the proper level, the roof is swung off, the 
bucket spotted over the furnace and lowered so 
that its bottom is level with the top of the shell. 


The hemp rope is of such thickness as to bur 
through in about one minute, at which time the 
orange peel opens and releases the charge. The 
bucket is then raised, the roof swung back into 
position, and power switched on immediately, 
The entire operation of removing roof, charging, 
and replacing the roof takes about 3 mins. 


The advantages of this practice are: Saving 
in time of charging, which takes in the case of 
hand charging 25 to 35 mins. per heat, saving in 
charging labour, elimination of much of the heat 
loss during charging, and better distribution of 
the charge in the furnace, the latter two advantages 
showing up in a shorter and more uniform melt 
down. It is possible, with this practice, to 
charge more light scrap than in the door charging 
methods, since it allows piling the charge higher 
in the furnace. The scrap should be selected 
so that the entire charge can be introduced from 
one bucket. 


The swing type charging practice has been 
used also on furnaces up to 18 ft. shell diameter, 
and would undoubtedly be applicable to smaller 
furnacés with some modifications. 


The question of roof refractories has been 
largely solved by the use of high alumina fire 
brick to replace the silica brick several courses 
from the skew, and in some cases by the use of a 
complete roof of high refractory fire brick. 


MAKING STEEL CASTINGS. 
By JoHN Howe HALL, Consulting Metallurgical Engineer, Chestnut Hill, Pa. 


REDESIGNING in such a way as to make the finished 
article by a combination of casting and welding, 
would result in greater production of steel cast- 
ings. Particularly in medium and heavy parts, 
such, for instance, as many ship castings, light and 
heavy portions are frequently combined in such 
a way as to result in a large number of intersec- 
tions that constitute ‘‘ hot spots,” i.e., portions 
of a casting that are necessarily of greater volume 
per unit of surface than the adjacent parts, and 
therefore solidify later than the thinner portions 
of the piece. The result is often either a shrink- 
age cavity, a tear, or both. Pattern alterations 
cost much more time and are only partially 
successful. Quite often the moulders’ efforts 
do not suffice to present the formation of some 
defects, which are found by visual and radio- 





graphic inspection. The defective portion then 
has to be chipped away until only sound metal 


remains, the resulting cavity is repaired by weld-]. 


ing, and in important castings the weld is re- 
radiographed to be certain it is sound. If a 


defective weld is discovered, all or part of the weld] 


metal has to be chipped out and the job rewelded 
and reradiographed. In many cases, as strong 4 
job would be secured if the piece were designed 
in the first place to combine one or more castings, 
with plate or structural steel, welded together at 
the intersections. The time spent in preliminary 
radiographing and chipping out defective metal 
would be saved, to say nothing of the time spent 
by the moulder and mould-closer in placing 
chills, cutting brackets, etc. 
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Tue use of moulding machines reduces manual 
labour with consequent reduction of fatigue and 
allows rapid training of unskilled men as machine 
operators, thus easing shortage of skilled moulders. 
Mechanical handling of sand insures uniform 
supply of well mixed and well tempered sand. 
Conveyors handle moulds from machines to 
casting station and on to shake-out. Iron is 
mechanically handled, too. Core blowing ma- 
chines are being used more and more, even for 
larger sizes of cores for heavy production sche- 
dules. Use of continuous automatically con- 
trolled core ovens gives better cores in continuous 
aid uniform flow. Attention to dust removal 
and atmospheric control increases comfort and 
eficiency of men. 

Castings are being used to replace forgings, 
saving weight and machining. 

Pneumatic hammers for chipping and portable 
grinders have helped in speeding-up production, 
and the hydraulic cleaning methods have shown 
pronounced benefits in removing cores while at 
the same time making possible the recovery of 


DEMAND that your coke supplier maintain the 
quality of his product, then aid him in meeting 
his commitments by applying all the means of fuel 
conservation available to you. Buy a “sized” 
woke of +; the cupola diameter in size. Weigh 
the coke charge accurately. Use 8 to 10 lbs. of 
woke per sq. ft. of cupola area and not 20 to 30 
lbs. per sq. ft. A proper height for the coke bed 
in inches of coke above the main tuyeres is 
10.5x4/P +6. P is wind box pressure in ounces, 
0 with 16-0z. pressure, the bed height should 
be 48 in. An hour’s time is “too” little soaking 





time. Excellent results are obtained when the 
ted soaks as much as 5 or 6 hrs. 

Avoid wasting this high quality metallurgical 
fel in shop salamanders, to preheat ladles, to 
vent cores, to bake cores, etc. 

With 30, 50 and 70% steel in the cupola 
charge, the carbon levels in the iron should be 
305, 2.70 and 2.35%, respectively. The main 
tason for using steel in the cupola charge is to 
attain desired carbon levels, though it also helps 
0 attain high metal temperatures (above 2800 
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GREY IRON FOUNDRY PRACTICE. 
By JAMES T. MACKENZIE, Chief Metallurgist, American Cast Iron Pipe Co., Birmingham, Ala. 
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much core sand in excellent condition for use. 

Much ingenuity is being shown in rigging 
and utilization of floor space. Moulds are 
stacked and overhead heaters are used for drying. 
Flasks are being standardized, thus speeding up 
production in slip and snap flasks. 

No foundry should accept work which is not 
suitable for its particular moulding equipment, 
or requires special metal which it is not equipped 
to produce or with which its personnel is not 
familiar. A green sand foundry should not 
undertake work which should be made in dry sand, 
and it is not economical to make in dry sand 
castings that can be made perfectly well in green 
sand. Again, alloy cast irons in small tonnages 
cannot be made economically, due to the trouble 
of getting the value of the alloys in the returns— 
gates, sprues, and scrap. Alloy castings should 
be concentrated, as far as possible, from a con- 
servation standpoint as much as from the skill 
and experience angle. Likewise, heavy castings 
are out of place in a light shop and vice versa. 


CUPOLA PRACTICE. 
By DONALD J. REESE, Development and Research Div., International Nickel Co., New York. 


deg. F.) and lowers the phosphorus content in the 
iron. Steel scrap is deficient in silicon, and each 
ton of steel used unnecessarily, requires about 40 
Ibs. of silicon to make the product grey and ma- 
chinable. The supply of both steel scrap and 
silicon needs to be conserved to the best of our 
ability. 

Plan your metal distribution so that only the 
right amount of metal goes to the pouring floor 
and that ladles are completely emptied before 
receiving a new supply of metal. See that metal 
reaches the pouring floor in the least possible time 
after it is tapped from the cupola. Weigh this 
metal if possible. 

Cupolas work best when the melting rate is 
above 1500 Ibs. per sq. ft. per hr. and up to 2250 
Ibs. If your cupola is melting slower than 1500 
Ibs. per sq. ft. per hr., speed it up by using more 
air, or if you can’t handle the higher hourly out- 
put, line down to a smaller diameter. 

Plug up leaks in the air circuit between the 
blower and the melting zone of the cupola and 
do not overlook the large air loss through an over- 
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sized slag hole. Air losses may exceed 20% of 
the air delivered by the blower. If you have a 
fan-type blower, do not cover the intake with a 
screen finer than 1-in. mesh. 

The charging gang has the important job of 
controlling the chemistry of iron. All materials 
going into the cupola must be weighed accurately 
and as the charge was calculated. 

Do not waste your time worrying about tuyere 
area, oxidized metal, cupola pressure, etc. Have 
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courage to use materials that you formerly con- 
sidered unsatisfactory for a cupola material, pro- 
vided the chemistry and linear dimensions are 
satisfactory ; 30% of the cupola diameter is g 
satisfactory linear dimension. 

Remember that the cupola is a high speed 
melting unit, and to evaluate its performance in 
pounds of iron melted per minute or second is a 
measuring stick leading to better knowledge of its 
performance. 


MALLEABLE IRON CASTINGS. 
By H. A. ScHwartz, Manager of Research, National Malleable and Steel Castings Co., Cleveland. 


AN increased production from a given malleable 
plant usually involves some study of increasing 
the output of the annealing department. Two 
types of solution are looked for. Either to make 
a more annealable iron, or adopt a shorter anneal- 
ing cycle, both being subject to definite limitations. 

An increase in annealing ability by changes 
of chemical composition finally is limited when 
compositions are reached in which there is danger 
of primary graphitization. These limitations are 
already rather well understood, but quite ob- 
viously anything done to insure constancy of 
chemical composition makes it possible to have 
the average analysis approach the danger line 
more closely without fear that an unexpected 
variation will produce unusable material. In- 
creased attention to analytical supervision and 
control is thus indicated. 

In an attempt to shorten the annealing cycle, 
the operator is limited by certain indispensable 
considerations. Annealing is accomplished by 
holding the product a given time, at a given high 
temperature, the time decreasing as the tempera- 


ture increases. Unfortunately the physical pro- 
perties of the product decrease as the annealing 
temperature increases. Also the time which can 
be saved by raising this temperature from any 
ordinarily used value to the maximum permissible 
value is, at least, only a matter of some hours. 

Second stage graphitization is best accom- 
plished by cooling at the correct rate, through a 
temperature interval of perhaps 50 deg. F. em- 
bracing the critical range. It is advantageous to 
withdraw the stock from the furnace at 1100 deg. 
F. or 1200 deg. F. if that is mechanically possible. 

The execution of the minimum annealing 
cycle depends primarily upon the ability to have 
all parts of the charge change temperature alike 
and at that rate best suited to the metallurgical 
purpose. This is largely a matter of furnace 
design and operation. 

From the annealing cycle viewpoint, attention 
should be directed to uniformity of temperature 
in a given unit, not overlooking the limitations 
on the rate at which heat can be transferred from 
the surface to the centre of the pots used. 


COPPER BASE CASTINGS. 
By JoHN W. BoLton, Chief Metallurgist, The Lunkenheimer Co., Cincinnati. 


IN the casting field faster production begins with 
getting good sound uniform castings. Low 
foundry losses and minimum machine shop rejec- 
tion and troubles, coupled with structures suit- 
able for rapid machining and for the services to 
be encountered, are mandatory if really fast pro- 
duction is to be attained. 

Furnace atmospheres are highly important. 

The usual cause of intercrystalline porosity 
is what may be termed incipient shrinkage, and 
it has been shown that presence of excess reducing 
gases, particularly carbon monoxide and hydrogen 





in the furnace atmospheres, are potent factors in 
aggravating and promoting spongy, unsound 
castings. Carbon monoxide (in absence of hydro- 
gen) can promote unsoundness in bronzes, and 
hydrogen is definitely dangerous in making copper 
castings. It is probable that hydrogen may be 
an offender in bronzes also. 
A first step in speed and efficiency is definite 
and accurate control of furnace atmospheres. 
One gas analysis is worth a thousand melters’ 
opinions. By regular use of an Orsat apparatus 
and suitable (preferably constant automatic) 
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burner regulation, positive control can be effected 
in fuel burning furnaces. In electric furnaces 
atmospheric control also can be definitely effected. 
Excesses of reducing gases can be avoided or 
eliminated. For most purposes on ordinary 
bronzes a maximum of carbon dioxide and a slight 
excess Of oxygen is desirable. In fuel-fired 
furnaces such atmospheres offer added advantages 
in most rapid melting and maximum fuel economy. 

With proper furnace atmosphere control, 
ranges Of permissable pouring temperatures are 
considerably widened. Pouring temperatures de- 
pend on the size and design of castings and on the 
ability of the sand to withstand the action of the 
metal. In general, higher temperatures promote 
better feeding, lower temperatures help avoid 
sand troubles and mask to a degree improper 
furnace conditions. Actual melting process tem- 
perature in the furnace before pouring, is in 
many ways as significant as pouring temperatures. 
Overheating is detrimental, and regular pyro- 
metric control of furnace melting temperatures 
desirable. 

Gating and riser practices should be generous. 
A high yield (on melt) is false economy if un- 
sound castings are a result. 

Pouring hot metal on to charcoal is bad practice 
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and much metal has been gassed from this cause. 

Certain of the special alloys, silicon bronzes 
and brasses for example, require distinctly dif- 
ferent practices than are required for the tin, 
tin-zinc, and tin-zinc-lead bronzes. For the tin 
and related bronzes, phosphorus added to residual 
amounts of under about 0.02% is an efficient 
deoxidizer and cleanser. The other copper base 
alloys often require special additions and careful 
research and some experience is needed to handle 
them to best advantage. 

In the alloys containing tin, presence of the 
alpha-delta eutectoid is a definite deterrent to 
maximum machinability. The presence of phos- 
phorus in considerable amounts increases the 
amount of microscopic hard spots, as does iron 
when this gets high. Addition of lead to these 
alloys up to about 1.5 to 2% very markedly pro- 
motes machinability, beyond that range the in- 
crement hardly increases in proportion to the 
percentage. For pressure work some of these 
alloys are permitted at temperatures of 550 deg. 
F., and below that for most of them. There is no 
appreciable difference in creep strength or loss of 
ductility (embrittlement). Specifications not per- 
mitting lead thus are unduly restrictive and slow 
down machining considerably. 


LIGHT METAL CASTINGS. 


By NorRMAN E. WoLDMAN, Chief Metallurgical Engineer, Eclipse Aviation, Div. Bendix Aviation 
Corp., Bendix, N.f. 


LIGHT metal castings are produced in three 
different types, namely: Sand castings, Perma- 
nent or semi-permanent mould castings, and Die 
castings. 

The type selected is determined by the design, 
application and production quantity. When cores 
are not too complicated, sand castings are replaced 
by permanent mould castings, since the latter can 
be made faster and have less stock to machine off. 

The foundries have speeded up production 
by the installation of continuous conveyor systems 
wherever feasible. 

In the core room, continuous conveyor type 
core baking ovens have replaced or supplemented 
the batch type core ovens. The continuous con- 
veyor moves slowly alongside the core workers’ 
work benches, then into and through the baking 
oven, and finally out through the exit end to the 
core assembly floor and back to the core workers’ 
benches. The production of the sand moulds in 
the flasks has been greatly increased by the use of 


mechanical moulding machines to replace hand 
moulding. 

Magnesium and aluminium alloy castings 
are heat treated either by a solution treatment 
only, or by a solution treatment plus aging treat- 
ment. Batch type furnaces requiring long soaking 
periods for proper heat treatment, are being re- 
placed in larger foundries with continuous type 
heat-treating furnaces. 

For the heat treatment of aluminium alloys 
two separate continuous furnaces are required, 
one for the solution treatment and the other for 
the aging treatment. The baskets of castings 
emerging from the solution treatment furnace 
are quenched in hot water and are then conveyed 
into the continuous aging furnace. For the heat 
treatment of magnesium alloys, since no water 
quenching is necessary, one continuous furnace 
divided into several compartments is required. 
These compartments consist in sequence as 
follows : Preheating chamber, high temperature 
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heating chamber, high temperature , soaking 
chamber, forced air cooling chamber, and low 
temperature aging chamber. The aluminium 
or magnesium heat treatment furnaces may be 
either the pusher roller-hearth type or the rail- 


buggy type. a 
Finish machined aluminium alloy castings are 
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subjected to an electrolytic anodizing treatment 
to increase the resistance to corrosion. The two 
methods used are the chromic acid process which 
takes about 45-60 mins., and the sulphuric acid 
process which takes about 30 mins. ; the latter 
has been replacing the former to expedite pro- 
duction. 





STEEL MILL HEATING FURNACES. 
By M. H. MAwHINney, Consulting Engineer, Salem, Ohio. 


SUFFICIENT amount of hearth area is the most 
common cure for production difficulties in fur- 
naces used for heating for forming operations, 
while design and auxiliary equipment are indi- 
cated in most cases to improve production from 
furnaces for annealing operations. 

The average hourly production required 
should be used as a basis for the computation of 
furnace hearth area. Average production is the 
tons per average turn divided by 8 hrs., or an 
equivalent figure. On this basis, the rule for 
hearth area required is determined by the following 
permissible rates of heating per sq. ft. of furnace 
hearth : 

Batch type furnaces—20-25 lbs. of steel per 
sq. ft. of hearth per hr. 

Continuous furnaces—40-60 Ibs. of steel per 
sq. ft. of hearth per hr. 

In the case of batch furnaces, the low figure 
of 25 lbs. per sq. ft. per hr. applies to the heating 
of billets where the furnace is charged and dis- 
charged one door at a time, while the maximum 
usual rate of 40 lbs. per sq. ft. per hr. applies to 
small forgings where it is possible to keep the 
hearth covered. Continuous furnace production 
varies with the uniformity of heating required. 


Some forging operations can be pushed harder 
than is possible with the heating for rolling of 
alloy steel billets for example. 

Furnaces for annealing are a common re- 
stricting factor in the speed-up effort in the steel 
plants. Here, the averege rate of preduction for 
full annealing (abcve the critical and followed by 
furnace cooling) is about 5 lbs. per sq. ft. of furnace 
hearth per kr., tut furnaces with a rate of 2 lbs. 
per sq. ft. per hr. are commonly found. This 
does not seem to be a great difference at first 
glance, but means a monthly production of only 
40% of the average. The usual causes are non- 
uniform fixing which necessitates waiting for the 
slowest part of the charge, and slow handling 
between charges on account of obsolete equip- 
ment. 

Application of recirculation (forced convec- 
tion) heating for temperatures urder 1300 deg. 
F., and particularly under 1000 deg. F., have been 
found to increase production, and bottom firing 
will work wonders on many of the old furnaces. 
Handling cranes, spreaders, motor driven cars 
on car furnaces, and other modern devices will 
do much to increase production by reducing 
delays between charges. 


ROLLING MILLS AND AUXILIARIES. 
By F. H. ALLIson, JR., Metallurgist, United Eng. and Fdy. Co., Pittsburgh. 


ROLLING mills are industry’s prime machine 
tools in the forming of metals. ‘Continuous mills 
meet the demand for aluminium, brass and copper 
products for airplanes, cartridge cases and the 
like. Increases in demand for small round stock 
have resulted in the erection of more continuous 
rod mills. Shells require forging blanks of semi- 
finished rolled steel. 

Perhaps the largest demand is for flat rolled 
products such as strip, sheet, and plate. 

Plate is usually produced on three-high mills, 
two-high mills, reversing two-high mills, and 
tandem two-high mills, while various combina- 
tions of three-high and two-high mills in tandem 


for roughing and finishing have also been used. 
Such mills produce plate 4, in. or more in thick- 
ness, and the product requires shearing to size on 
all four sides. The Universal plate mills provide 
plate with rolled edges so that shearing is neces- 
sary only on the two ends. This is accomplished 
by two sets of vertical rolls on either side of the 
main horizontal rolls, the vertical rolls edging the 
plate to size as it passes through the mill. 
Stepping up the production of plate offers 
the greatest single possibility for the increase of 
rolled products for armament production. This 
is being done by converting the 4-high continuous 
strip mills into plate mills. These mills were 
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originally intended for rolling thin strip and sheet ment. The thicker gauges require less actual 
used as auto body stock and similar products, rolling time in the mill and are therefore run out 
and they are fast, accurate, and produce at low at shorter time intervals on the tables, where their 
cst. The 4-high continuous mills can be greater thickness requires longer cooling time. 
adapted to plate rolling by taking lighter drafts Thus considerable lengthening of the run-out 
and passing the metal through some of the stands tables on the finishing end is required, with the 
with no reduction so that thicker gauges result. consequent necessary lengthening of the building 
By suitable arrangements, plates of all thickness if this changeover was not previously anticipated. 
can be produced and for rolling light sheared Other alterations in the plant layout may be re- 
plates these mills may be considered the last word. quired for handling, since the coilers and ‘packs 
The product is excellent from the standpoint of for strips are not suitable for plate. Flattening 
accuracy, uniformity of gauge, and surface. The equipment must be made heavier than for strip. 
continuous operation also makes the speed of Cranes, handling equipment, and auxiliary tables 
production a maximum. must all be adapted to the thicker product. In 

The conversion of this mill to the rolling of many instances the shears for cutting the thinner 
thicker gauges does not require much change in stock are too light, and must be remodelled or 
the mill itself, but a number of changes must be replaced with heavier shears to cut the thicker 
made in the auxiliary layouts and handling equip- product. 


PREMIXED COMBUSTION OF GASEOUS FUEL FOR STEEL 
FINISHING OPERATIONS 
By E. B. DuNKAK. (From Iron and Steel Engineer, Vol. 18, No. 9, September, 1941, pp. 69-75). 


By premixed combustion burning of gaseous combustion apart from the furnace by admixture 
fuels is understood the fuel being prepared for with predetermined quantities of air, and the gas 
then being homo- 
geneously § premixed 
and compressed so 
that the combustible 
mixture is distributed 
under pressure to the 
appliances for con- 
sumption. 

The advantages of 
this method of fuel 
preparation are ap- 
parent. Premixing pro- 
vides accuracy of air to 
fuel-gas proportioning 
over the widest con- 
ceivable operating 
range. The furnace 
can operate through 
the whole range of 
heat demand by auto- 
matic or manual 
means ; but as its heat 
source is merely a tap 
on the mixture main, 
the premixing unit or 
units responds  un- 
hesitatingly to the 
Fig. 1 varying demand, with- 
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out change in result. Thus, constant.combustion 
characteristics and fuel products analysis is 
maintained. 

Owing to the thorough mixing of the com- 
bustibles before admission to the furnace, each 
fuel molecule is surrounded by the essential 
amount of oxygen, and effects a rapid release of 
heat. Premixed combustion is combustion with 
positive pressure of air-gas stream, and conse- 
quently, positive flame pressure. This, com- 
bined with homogeneous mixing, results in high 
flame velocity, and this secures uniformity of 
distribution through rapid movement of pro- 
ducts of combustion and constant recirculation 
of furnace atmosphere. In short the combine 
effect is effective heating with high thermal 
efficiency. 

The Premixing Equipment. 

Premixing equipments of various form have 
been commercially available for some thirty 
years, their operation consisting of alternatively 
entraining air and gas, the latter from a weighted 
gasometer, with subsequent compression. Diffu- 
sion took place in a reservoir tank. 

A modern premixing unit is shown in Fig. 1. 
The gas flows from a meter through a length of 
pipe and valve to the inlet deadweight regulator. 
The air is drawn through an air filter entering at a 
check valve. The air and gas under suction from 
the turbo-compressor are drawn through a pro- 
portioning valve to the compressor inlet. Here 
the air and gas are thoroughly mixed and boosted 
to a positive pressure. Regulation is by means 
of a diaphragm of the proportioning mechanism, 
so that the volume of air-gas mixture is main- 
tained in the predetermined ratio to meet the 
demand. The air-fuel ratio is set by a hand lever, 
usually locked into place by a lock. 

Considering the fact that premixing starts 
out to create the most combustible mixture, the 
necessity for adequate safety equipment becomes 
obvious. These safeguards are in general of 
the three following types : 

(1) Protection of individual burner or a group 
of adjacent burners. In the event of a backfire 
through one or more of the burners, a flame 
arrestor releases a spring loaded valve on its inlet 
side, cutting off flow. 

(2) Soft heads, friable discs of zinc or similar 
easily rupturable materials, designed to release 
in the event of pressures higher than normal, 
serve as a non-automatic secondary protection in 
relieving excessive pressure. 

(3) The main line backfire preventor com- 
bines the friable pressure release of the soft head 
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with the safety screens of the flame arrestor in a 
heavy equipment against combustion and re- 
sultant explosive pressures in large diameter, long 
length mains. 

These devices make premixing an entirely 
safe form of fuel utilization. In fact, through 
the utilization of these devices, premixing can be 
considered safer than many unguarded combus- 
tion systems that make possible inadvertent ad- 
mixtures of air and gas in supply lines that should 
normally carry but one fluid. 


Applications and Advantages. 

Premixed combustion can be best appreciated 
by a study of applications wherein, through wide- 
spread adoption, efficiency and economy have 
been established. This is particularly evident 
in the principle of immersion heating ; that is, 
the heating of solutions, easily fusible metals, and 
salts by immersed, hollow heating elements in 
which premixed combustion takes place and heat 
is liberated and transferred. 














Fig. 2. Sectional view of typical immersion heated unit. 
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The economy of immer- 
sion heating rests.on three 
principle reasons : 

(1) Economy of fuel by 
applying heat internally with 
the resultant lowered flue 
gas temperature and de- 
creased losses to the setting. 


The internal application 
makes possible adequate 
heating surface which is 


predicted by the require- 
ments of a specific job 
rather than the exposed 
surface of the container 
holding the molten metal. 

(2) Close regulation of 
temperature—an outstanding 
feature of immersion heat 
ing—is the result of a heat 
application where there is 
virtually no heat storage to 
give temperature over-run 
or lag. 
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(3) Dross formation is materially reduced in 
many operations by utilizing the substantially 
inert products of combustion—substantially inert 
only because they are prepared by premixing to 
blanket the exposed metal surface and thus 
exclude the oxidation normally encountered 


through atmospheric contact. 


Fig. 2 shows a sectional view of a typical 


immersion heated unit. 


As an example of the usefulness of this method, 
the following figures clearly indicate the great 
saving by immersion heating of a tin plate pot. 





Duration < bis 
Gas used, M cu. ft. 


Cross fuel savings . . 

Total base boxes 

Metal used, 1b. 
cruff, lb. .. 


External 
heating 
8 weeks 

ae 2,459 
Cost ..|  $182,68 


22,512 
37,903 
8,940 


Internal 
heating 


$83.78 

$98.90 
22,259 
34,239 
5,975» 











But apart from saving, immersion heating 
also increases production, for no longer is the 
heating method the bottle neck, with the result 
that to-day production per tin pot through the 
industry is on an average basis increasing, and 
with new installations now planned a further 


increase will take place. 
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Conditioned gas may be constantly analyzed to hydrogen content. 





Fig. 4. Premixed firing is used in this portable annealing cover. 
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An example of immersion heating at higher 
temperatures is the hot lead pan for wire anneal- 
ing. Particularly noteworthy is the method of 
using the immersion elements as “ sinkers ” for 
the wire, and an insulated cover which serves the 
dual purpose of minimizing surface radiation 
while holding the products of combustion against 
the surface of the molten lead. Performance on 
one such installation shows the following : 


(1) Fuel consumption reduced 55% over 
external practice. 

(2) Temperatures controlled within plus or 
minus 3 degrees F. when operating at 1380 
degrees F. 

The bluing of steel strip in an immersion 
heated lead bath typifies an application wherein 
the unique ability of the premixed fired immer- 
sion element to liberate heat in the space desired 
is most pronounced. The cold strip, in entering, 
extracts from the front end of the pot virtually 
all of the heat required to raise it to the bluing 
temperature. With this type of application, it 
is possible to install several times as much high 
rate heat transfer surface as would be the case 
were walls of pot alone used, and in so doing 
operate a smaller unit with higher thermal 
efficiency. 

Another field where the accuracy of pro- 
portioning obtained by premixing has proved to 
be of paramount importance is conditioned gas 
for deoxidized annealing. The heart of the gas 
conditioning unit is the device that proportions 
fuel gas to air. A truly satisfactory gas con- 
ditioning unit should be able to float on the line, 
automatically responding, over a_ reasonably 
wide range of say 30 to 100% of capacity, to 
changes in demand without changes in composi- 
tion. The most accurate proportioning device 
is not any better than is required for this exacting 
service. 

In atmosphere gas work, the premixing unit 
can be controlled to produce virtually constant 
conditioned gas analysis by taking advantage of 
its inherent simplicity in changing proportions 
of fuel gas and air at will. But with dirt con- 
taminated plant atmosphere or changing com- 
position, specific gravity, and thermal value of 
fuel gas, truly constant conditions can only be 
obtained by means of control of proportions 
from resultant conditioned gas analysis. For 
this purpose a supplementary control has been 


developed, a monitor which constantly analyses 
the conditioned gas for hydrogen content through 
the thermal conductivity of the sample. The 
result of this analysis, transmitted through a 
potentiometer and a controlling circuit, re- 
adjusts the position of the proportioning hand 
wheel of the premixing unit in accordance with 
the changes required, and thus restores and 
maintains the desired analysis of conditioned 
gas. 
The monitor controlling a gas conditioning 
unit is shown in Fig. 3. It is an extremely 
sensitive device, 4 in. of the scale being approxi- 
mately the equivalent of 1% hydrogen by 
volume. Routine checks with Orsat apparatus 
have shown in one mill, that the monitor holds 
the COz content, which bears a direct relation to 
He content within + 1/10 of 1%. 

Premixing has demonstrated its advantages 
very definitely for indirect heating when utilized 
in conjunction with the continuous recirculatory 
radiator. This radiator constantly recirculates 
large volumes of products of combustion, the re- 
circulation being effected by the high velocity 
premixed flame. This flame, of extremely low 
luminosity, and of controlled diameter, is posi- 
tioned to project down the centre of the tube in- 
jecting spent products of combustion with it, 
thus tempering the flame and giving a radiator 
having the unusual characteristics of uniform 
temperatures from end to end. Such radiators 
operate with a slightly positive pressure and 
thus are unaffected by over-ventilation when 
the burners are in the throttled position. Fig. 4 
shows an annealing cover utilizing premixed firing 
and recirculating radiators. 

Where it is necessary to liberate small amounts 
of gas in a large number of places with controlled 
combustion, premixing is pre-eminent because of 
the complete separation of proportioning from 
combustion. The roll heater utilizing tubes for 
heat transfer is an example of this. Here is a unit 
that requires for its successful operation controlled 
combustion in 72 places, the combined Btu. lib- 
eration not totalling more than one-quarter million. 
Premixing with its single mixture connection to 
this portable equipment assures, after simple 
flashing from an ignition torch, continued stable 
operation with either automatic or manual con- 
trol, the latter, obtained through a single index 
valve, being simplicity in itself. 
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DESIGNING GEAR DRIVES FOR MACHINE TOOLS 


By Dr. ING. G. SCHOPKE. 


THE requirements of modern machine tool 
drives are numerous indeed ; the high speed of 
the driving pulley is geared down to a much 
lower working speed, different working speeds 
are regulated by a simple movement of the opera- 
tor. Speeds, widely varying in magnitude, of 
the various auxiliary mechanisms are automati- 
cally changed and switched in and out. At the 
same time, the sequence of all the adjustable 
speeds should correspond to a definite geometrical 
series, and within this any singular speed should 
be in accordance with specifications in order to 
facilitate planning and workshop practice. The 
specification of machine tool speeds in Germany 
was carried out by the ISA, and is based on the 
specification 323 of the VDI. 


Representation and Design of Transmission 
Gears. 


To avoid confusion the gear drives are drawn, 
free from all constructional details and auxiliary 
mechanisms, as shown in Fig. 1. An even 
simpler representation of gear drives is by means 
of horizontal and vertical lines, representing the 
shaft and the spur-wheels respectively (Fig. 2). 
The transmission is divided into groups of drives, 
each group consisting of one or more pair of gears. 
Then the total number of speeds that can be 





Lin, tory) 
Z 


Figs. 1 and 2. 


(From Zeitschrift des VDI, Vol. 85, No. 32, August 9th, 1941, pp. 679-686). 


utilized is the product of the possible velocity 
ratios obtainable in all groups. As an example, 
in the case illustrated in Fig. 1, the total number 
of speed steps is equal to (2)x 1x 1x3x1 
x 2 xX 1 = (2) x 18, ie., 18 speeds in the 
forward and reverse direction. 

The actual arrangement of the transmission 
cannot, of course, be visualized from such dia- 
grams. There are many possible ways of arrang- 
ing it. For instance, a hollow shaft might be 
fitted concentric with another shaft, and in some 
instances it is possible to reduce the number of 
spur-wheels by a suitable arrangement of the 
gear groups. 


Sub-division of Speed Steps. 


Previous to designing the drive, the speed 
steps must be determined. The drive illus- 
trated in Fig. 1 is built up from 8 groups resulting 
in 18 speeds in either direction. The problem 
might, however, be a reversed one, if namely 
the number of speed steps is fixed ; in this case 
the number of speed steps must be factorised in 
order to determine the number of groups and 
pair of gears in each group. The way the number 
of speed steps is factorised is by no means irrele- 
vant, as it is possible to obtain the same speed 
regulation with a less number of wheels by appro- 
priate grouping. 


Calculation of a Standard Gear Drive. 


This is best illustrated by an example. A 
12 step drive is chosen for the purpose (Figs. 
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3 and 4), and the requisite speeds become n, to 
Nj2, No being the speed of the motor. Then 


ny to Nj2=37.5 .. 30... 23.5 .. 19 .. 3.0 
(These speeds are taken from ISA standard 


tables). 
It can be seen that 
a) @ OS_ af - 
ae 19 5 ote = 1.25 = ¢ 
ie., is the multiplying factor of the geometric 


series formed by 37.5, 30, 23.5, etc. Another 
way of writing the above series is: 
37.5 mS 68S (315 
ny to n= 07 ee a oe roe oe Sa 
Y Pp e z 


The velocity ratio of the various speeds n, to 
N,2 is then given by n,/ng to nj2/ny, and this 
again is equal to 

37.5 & 6 “1 -2 -3 -4 

— on os oe un ge ... Oo Ce) 

The velocity ratio 37.5/no is a common 
factor to each velocity ratio (denoted by wu), 
and must be arranged by means of one or more 
fixed transmission gears, either before or after 
the series (g° to g™!). The gear drive for 
the series inside the bracket can be arranged 
in many ways. The simplest solution would, 
of course, be to have one group only, with two 
parallel shafts; but owing to space restrictions 
this is not possible, and, as a rule, not more than 
three combinations are put on any layshaft. 
The remaining gears are then arranged in series 
with the first group. In order to arrive at the 
required series of speed steps it is essential 
to observe the following three rules: 

(1) The velocity ratios (u) in each group must 
form a geometric series. 

(2) The multiplying factors of such series are 
powers (y*) of the multiplying factor (y) of 
the speed series. 

(3) The exponent, X, in any group is equal 
to the product of the pair of gears (a;.ay.anr- etc.) 
of all the preceding groups. 


Applying these rules to the example of Figs. 
3-4, we get (g = 1.25) 
Group I, ¢*=constant—n,/37.5. 
Group IT, (Xu = a) = 1). 
g®. yl. .g?=1.0..1.25..1.6. 
Group III, (Xm=ai.an=1 x 3=3) 
~..p*=1.0. .2.0. 
Group IV, (Xiy=ai.an.am=1 Xx 3x2=6) 
~..p6=1.0. .4.0. 
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Smallest Velocity Ratio. 


So far it has been assumed that the smallest 
velocity ratio in any group is 1:1 and that the 
transmission ‘‘motor/largest tooth no.” is by 
means of a fixed gearing. It is, however, possible 
to achieve the same result by another method, 
namely, by co-ordination of the fixed drive into 
the groups of change-gears, so that we get, as 
an example, the series gy! .. y? or g*.. 
in place of g®..g!. The question of the 
selection of the first velocity ratio can be decided 
only if the general designing principles are known. 
As a rule it is aimed to design the gear drive as 
compact as possible, i.e., small numbers of teeth 
and short distances between shaft centres. Figs. 
5-6 show a 4 step drive for a heavy lathe. There 
are altogether 7 groups, two of which have only 
one pair of gears. The spceds n, to n, can be 
obtained from this drive in more than one way: 
by increasing the velocity ratio in any group at 
the expense of another group. If now in each 
case the total number of teeth are calculated (for 
comparison’s sake the number of teeth of the 
smallest wheel being kept constant), the different 
solutions will yield various sizes of the gear drive. 

Fig. 7 illustrates this graphically. The total 
number of teeth (Z) is plotted in dependance of 
the largest velocity ratio, x = ui, un, etc. Curve 
I, for instance, represents the case when the 
velocity ratio of group I is increased at the ex- 
pense of group VII, all other gear ratios remain- 
ing unchanged. It can be seen that with in- 
creasing velocity ratio in group I the total number 
of teeth decreases until a minimum is reached, 
and then rises steadily. 

Theoretically, it is possible to determine in 
this fashion the most economical velocity ratio 
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for each group ; but in practice, this would be 
very lengthy if not impossible. Therefore it is 
better practice to use partial differentials, thus : 
Oz Oz 
| itl a eS 
By determining all these values, we arrive at the 
lowest possible tooth number. 

For most practical applications it is usually 
sufficient to comply with the following rules: 

(1) The fixed tranmission gears should be 
divided up, so that all transmissions are of about 
the same order. 

(2) In the change-gears the velocity ratio 
should be possible 1:1. 

A number of existing models, designed by 
this method, were checked by calculation and it 
was found that the deviation from the theoretical 
minimum tooth number did not exceed 10%. 


=f (un) = 0; etc. 


Gear Drives. 

Figs. 8-10 show a five step drive as used in 
automobiles. One speed is obtained by directly 
coupling two wheels, so that the shaft speed 
becomes equal to the motor speed. The gear 
drive shown in Fig. 9 represents an alternative 
solution. Here the fifth speed corresponds to 
the direct coupling of the previous case, but with 
this design care must be taken that the four 
step transmission shall start with the velocity 
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ratio y! (Fig. 10). This type of gearing is fre- 
quently employed by machine tools if the speed 
step in the last group is very large. 





ABW ABR QA 






‘Group JL. 


Gear pair 1 
758 





10 





Gear pair] Uz; 

Gear pair? 2/ 
pegs ea 
SRB ENB e anna sea agNss Yaz 





Co’ 
tT T T 
zs bw wy 
Fig. 16 





THE ENGINEERS’ 





KNHAAHMS VQaA QQ 
fe 





DIGEST 


With these drives each 
pair of gears has to per- 
form a special job allotted 
to it in the group, i.e., each 
pair of gears is associated 
with a certain velocityratio, 
In the following, it will be 
shown how one or more 
wheels can be eliminated, 
the general principles of 
design remaining un- 
changed. In Figs. 11-15 
the cog-wheels drawn with 
heavy lines have the same 
number of teeth. If now 
the Group IT is re-arranged 
in front of Group I, so 
that the shafts C and A 
coincide and the wheels 
with equal tooth number 
become adjacent, it is 
quite clear that one wheel 
can be dispensed with, the 
gear drive taking the form 
of Fig. 14. This solution 
does not affect the series 
of the speed ratios. The 
calculation of the drive is shown in Table I. 

Taking the problem a step further, the next 
thought would be to arrange a second pair of 
gears, too, with the same number of teeth (Fig. 
15). This leads to the double connected gears. 
Similarly in Table II a method is given for the 
calculation of such gears, in which by gradually 
increasing the velocity ratio of Group I, we 
arrive at the connected drives. 

For accurate calculations reference should be 
made to the formule by Kryspin-Exner, which, 
for greater simplicity, are shown in Fig. 16 in 
graphical form. Such diagrams can be con- 
structed for 8 and 9 step drives. 
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Drives for Variable Speed Motors. 

In the extreme case of the motor being ad- 
justable to any required speed, which is not 
usually the case, the gear drive could be dis- 
pensed with. A problem arises, however, with 
A.C. motors, which are only adjustable over a 
certain speed range (usually in the ratio 1:2), and 
the gear drive must be designed to suit the motor 
speed. The best method to follow is to regard 
the motor with maximum and minimum speeds, 
say in the ratio 1:2, as a single speed motor to- 
gether with a group of drives which splits up this 
speed in the ratio 1:2. The velocity ratio of the 
motor now becomes 
Nig == gt . Gyr. An. Etc. — GX 
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TABLE I. 
| Distance 
Velocity Ratio between Wheel Type of 
ratio of Teeth Number Centres in Drive 
Teeth No. | 
Pair of Gear | : = | 1 | 2 | 
Drive Group 
1-10 | II | 1 2 | 382 21/42 | 31 | ae. = 
_ | I 1 1.4 {| 42/42 | 35/49 | 42 Single Connected 
2 | I 1.32 1.8 42/55 | 35/62 48 ” ” 
3 | I 1.4 2.0 | 42/59 34/67 | 50 ” ” 
4 | I 1.6 2.25 42/67 34/75 55 93 ” 
4a { I | PSs | 244 42/65 | 32S 54 Double Connected _ 
5 ry; 1s | 25 42/76 34/84 59 Single Connected 
6 I | 2.0 2.8 42/84 33/93 63 99 ” 
7 I 25 |} 3.55 42/105 32/115 73 Double Connected 
8 I | 2.8 4.0 42/118 32/128 80 99 ” 
9 | I | 3.15 4.5 42/132 32/142 87 ” ”» 
10 | I | 4.0 5.6 42/168 32/178 105 » ”» 








Stepping 1.4 


Simple connected drives 1 to 6 : common gear wheel teeth No. of 42 
Double connected drives 7 to 10: Teeth No. of common gear wheels 42 and 32 
Approximated double connected drive 4a. Advantage: Small distance between wheel centres, disadvantage : Geo- 


metrical series is inaccurate. 





From Table II it can be seen that with a motor 
with a speed ratio 1:2 and a pre-connected gear 
drive, only certain stepping of the speed can be 
obtained. As an example speed stepping of 


which a suitable type of motor can be readily 
determined to yield the required speed range and 
stepping. 

TABLE II 














= 15 could me be arranged. However » the Min. Stepp- |Min. Stepping & Division x 
usual stepping is possible with the exception of ing of speeds| of preconnected drive e=V2 
p= 1.6. X'=2X | X=ar.an.am ; 

If the motor speed cannot be accurately 2 1 2 
regulated, a certain error will be introduced, but 4 2 1.4 
this does not exceed + 6°, and it must be de- 6 3 es 
cided in each case if such an error is tolerable or e 1=2x2 | a 
not. a me * > ee 

Variable speed motors are employed in ever . : is —a 
increasing numbers. This is not only a sound 16 8=4x2=2x2x2 | 1.09 
practice for new machine tools, but also for older 20 10=5x2 | 1.08 
types, especially if they are not provided with a 22 11 | t- 97 
wide range of speed. Tables are available from 24 12=6x2=3x2x2 a 





THE NEW ELECTRIC SPEED-REGULATOR ORLIKON-ESCHER WYSS 


By Max Hirt and A. GANTENBEIN, Ziirich. 


(From Bulletin Association Suisse des Electrictens, 


Vol. XXXII., No. 14, 1941, July 16th, pp. 316/24). 


THE proposition to use an electric frequency 
regulator instead of a centrifugal type governor 
is forty years old. But this idea has not been put 
In practice up to now, when the driving mechan- 
ism for the pendulum governor caused diffi- 
culties with modern great turbines. Orlikon 
and Escher Wyss have designed an electric speed 
tegulator for prime movers and have thoroughly 


tested the function of the new apparatus with 
water turbines. 

A good regulating system has to fulfil the 
following four characteristic demands : 

(1) High sensitivity in exact adjusting normal 
speed. 

(2) Good adaptability of the mechanism of the 
regulator to the peculiarities of the plant. 


























62H 








Fig. 1 
Centrifugal type governor of 
Escher- Wyss, with direct 
acting hydraulic stabilisation. 


ae 
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(3) Short duration of the regulating process. 

(4) Great stability, that means absence of long 
fluctuations of speed. 

It is easy to comply with the first demand by 
using a sensitive electric frequency measuring 
system. As it is easy to adjust the new apparatus, 
it fulfils the second demand. Demand 3 is 
connected with 4. However, short duration of 
regulation and great stability counteract each 
other. In order to be able to suppress in any 
plant fluctuations of speed originating from 
special features of its hydraulic part, two different 
stabilisation systems have been developed. Both 
use temporarily increased restoring and damping. 
Tests have proved that both systems work 
equally satisfactory, but for each plant one of 
them is preferable depending on the design of the 
hydraulic part and other conditions to be ful- 
filled. As working of both systems shows some 
conformity with that of the centrifugal type 
governor of Escher Wyss, first a short description 
is given of this mechanic governor. 


The centrifugal pendulum governor with 
direct acting hydraulic stabilisation. 

The governor 20 (Fig. 1) is driven from the 
main turbine shaft by the helical gear wheel 13. 
When the speed of the turbine differs from normal, 
the governor balls 21 shift the rod 52 up- or 
downwards. This movement is transmitted by 
the piston 53 through a system of levers to the 
pilot valve 54 of the main servomotor 55, which 
opens or closes the inlet of the turbine. The 
restoring mechanism 30 restores normal speed 
at the position of the servomotor 55 and inlet 11, 
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which corresponds to the new load.* By means 
of the hand wheel 45 or by the little motor 43 the 
system of levers can be adjusted so that the rod 
52, the position of which depends on the deflec- 
tion of the weights of the pendulum, begins to 
activate the differential piston 53 at a higher or 
lower speed. Such adjustment of the speed is 
necessary, of course, for synchronising machines 
and for adjusting of their load. The static 
fluctuation of the governor can be varied by the 
lever 41. 


The Electric Frequency Regulator with 

Electro-Magnetic Stabilisation. 

In this new type of governor, instead of con- 
trolling the speed by a mechanic pendulum, the 
frequency is measured by the electric frequency 
measuring system 20 (Figs. 2 & 3). As soon asthe 
frequency differs from normal, the armature 24 
of the frequency measuring system activates the 
precontrol valve 51. In the same manner as in 
the centrifugal governor type the regulating pro- 
cess is transmitted through the differential piston 
53, and the regulating valve 54 to the main servo- 
motor 55, which governs the inlet of the turbine. 

The armature 24 of the frequency measuring 
system 20 has two windings, forming parts of two 
circuits fed by means of an instrument trans- 
former 13 from the voltage of the generator, the 
frequency of which has to be controlled (Figs. 2 and 
4). One of these circuits has a very high ohmic 
resistance. A variation of the frequency has 


* The original article describes this function in detail. 
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Fig. 2 
Electric governor, type Orlikon- 
Escher Wyss, with electro- 
magnetic stabilisation. 
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nearly no influence on the value and the phase 
of the current in this circuit. The other circuit 
has a low ohmic resistance and is tuned for re- 
sonance. When frequency differs by a minute 
value from normal, current in this second circuit 
changes considerably in value and phase. In 
consequence a torque is exerted on the armature 
24, its direction depending on the sense of the 
change of the frequency. The value of this 
torque is proportional to the difference of the 
frequency from normal (Fig. 5). The resonance 
frequency can be adjusted by the variable in- 
ductance 22. The frequency measuring system 
is connected to the generator according to Fig. 4, 
in order to avoid that a short-circuit in one phase 














RS T 
Fig. 4 
Frequency 
measuring 
system, 
connections. 13 
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shall short-circuit the instrument, should it be 
connected to this phase only. With the V- 
connection of the instrument transformer shown 
in the figure, the voltage at the terminals of the 
instrument will become zero only in case of a 
three-phase short-circuit near the terminals of 
the generator. The instrument will continue 
to control the speed even when the voltage at the 
terminals becomes very low. If the voltage be- 
comes zero, the inlet of the turbine will close, to 
prevent speeds higher than the light-load speed. 
This is achieved by a small additional torque 
acting on the armature 24. Energy consumed by 
the instrument amounts to only 70 VA. 
Two types of stabilising mechanisms have been 
developed, as already mentioned before, the one 
electro-magnetic and the other electro-hydraulic. 
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The first one is shown in Figs. 2 and 3. The 
restoring mechanism, which is connected to the 
servomotor, comprises a damping drum 36, 
linked with the measuring armature 24 by the 
restoring springs 38. The iron ring 33a is 
magnetised by the d.c. winding 33. Eddy 
currents are induced in the drum 36 when it 
moves. The damping is the stronger, the quicker 
the movement of the drum. By the gear 31 the 
little rotor 32 inside the drum is rotated in the 
opposite direction compared with the direction 
of the movement of the drum 36 initiated by the 
frequency measuring instrument. The rotor 32 
will move the drum backwards and will tem- 
porarily support the restoring force of the fre- 
quency measuring system by increasing the 
spring tension. 
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Fig. 6. Electric governor, type Orlikon-Escher 
Wyss, electric-hydraulic stabilisation. 


This intensified restoring combined with strong 
damping would hinder a quick regulation when 
a great change of speed occurs in consequence 
of a sudden drop of load, whereas intensified 
restoring should take place only with little varia- 
tions of speed. With great speed variations the 
intensified restoring has to be made ineffective. 
This is accomplished by contacts 37. When the 
angular displacement between 24 and 39 exceeds 
a certain value, the contacts 37 close the circuit 
of a relay, which puts a resistance into the circuit 
of the winding 33 and weakens restoring and 
damping. The restoring becomes efficacious 
again as soon as the frequency measuring system 
approaches its new mid position. By this ar- 
rangement a stable function and a quick regulation 
is achieved, even when great changes of the load 
occur. 

The adjustment of normal speed is performed 
by changing the position of the core 44 in the 
inductance 22. This can be done by hand or by 
the little motor 43 controlled from the switch- 
board. For the working in parallel of several 
machines a static characteristic of the governor 
is essential. With the electric frequency regu- 
lator, which is originally astatic, this is achieved 
by an approporiate adjustment of the resonance 
frequency of the measuring system; the normal 





Fig. 7. 
Eglisau for making tests. 


value, which has to be maintained by the regu- 
lator, being changed in accordance with the posj- 
tion of the main servomotor. For this purpose 
the inductance 22 has a second movable core, 
which is controlled by the main servomotor. By 
means of the lever 41 the variations are kept 
within 0 and 6%. 


Electric Frequency Regulator with Electro. 
Hydraulic Stabilisation. 


The design of the frequency measuring system 
and of the oil pressure controling apparatus is 
identical with that of the frequency regulator with 
electro-magnetic stabilisation (Fig. 6). Only the 
method of stabilisation differs. The regulator 
contains : 


A normal restoring and damping mechanism. 

A temporary intensified supplementary re- 
storing and damping mechanism. 

The normal restoring mechanism contains an 
eddy current damping disc 360 and the restoring 


The new governor installed in the power stall 
At lett the old mechanic, at mf 
the temporarily installed electric governor. 
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springs 380. The damping disc is of the usual 
type with a permanent magnet 361. The tem- 
porary additional restoring mechanism has _ to 
suppress the fluctuations with little amplitudes. 
The motion of the servomotor is transmitted 
electrically on the coils 21 of the frequency 
measuring apparatus 20 by a change of the in- 
ductance 22. This can clearly be seen from Fig. 
6. Adjustment of the speed is made in the same 
manner as with the regulator with electro-magnetic 
restoring. 
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The static fluctuation is adjusted by the lever 
41, which determines the position of the regulating 
sleeve 36. The position of rest of the piston 35 
is in midst of the sleeve. In this way position of 
42 is determined by that of the servomotor 55. 

Fig. 7 shows the new regulator installed in the 
power station Eglisau just besides the old me- 
chanic governor. 

Figs. 8 and 9 give records of a Dr. Horn tacho- 
graph made at two other power stations, where 
tests were made with the new governor. 
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Drop of 4 load, electro- 
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Fig. 8. Records made in the power station Felsenau of the Berne Electricity Works. 
Output 1700-1950 kW, static head 12.5 to 14.3 m., speed 214 r.p.m. 
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load (water rheostat), elec- 
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Fig. 9. Records made in the power station Dietikon of the Electricity Works of the Kanton Zurich. Kaplan 


turbine with regulated guide and running wheels. 


Output 1250 kW, static head 3.75 m., speed 93.8 r.p.m. 


TEMPERATURE MEASUREMENT OF RAPIDLY HEATED OBJECTS 


By V. D. Sapovsxy, V. A. PAvLov and N. M. Ropicin. (From Zdvodskaja Laboratoria, Moscow, 
No. 4, 1941, pp. 430-431). 


INDUCTION and resistance furnaces permit of 
tremendous speeds of heating. In laboratory 
practice, when heating a specimen by passing 
the current directly through it, rates of the order 
of 1000° C. per second and more can be attained. 
The recording of such rapid changes of tempera- 
ture is no easy matter, and requires a good deal 
of special study. 

The ordinary method of recording tempera- 
tures by means of a thermo-couple and a galvano- 
meter is inapplicable, because of the inertia of 
the galvanometer moving parts. Some attempts 





at calculating the corrections to the galvano- 
meter readings by solving the differential equa- 
tions of its motion, taking into account such 
items as inertia, air resistance, etc., have proved 
of some assistance, but did not result in sufficient 
accuracy for testing purposes where nct more 


than 5° C. error could be tolerated. 


Therefore, it was found necessary to devise a 
method of measuring rapid temperature changes 
by means of a ballistic galvanometer. The 
principle of the method will be clear from Fig. 1. 
Into the circuit of the thermo-couple (1) a ballistic 
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galvanometer and 
(2) an interrupter 
consisting of a 
pendulum (3) and 
a sliding contact 
(4) were intro- 
duced. To obtain 
a reading of tem- 
perature of the 
rapidly _ heated 
object the pen- 
dulum is set in 
motion, and on 
reaching the con- 
tact (4) it closes 
the circuit for a 
known interval of 
ae. ... Fig. 1. Diagrammatic arrange- 

The ballistic ment of apparatus for measuring 
galvanometer (the the temperature of rapidly heated 


reading of which objects. 

is in proportion 

to the total quantity of electricity passing 
through it) thereby receives an impulse which 
is a function of the thermocouple E.M.F., 
and of the time of contact. The latter 
is kept constant by making the pendulum 
swing always from the same starting point and 
over the same length of contact. Thus the 
reading of the instrument is rendered directly 
proportional to the thermo-couple potential. 
The accuracy of the readings was determined, 
and afterwards periodically checked by intro- 
ducing in place of the thermo-couple a standard 
Weston cell and appropriate resistance. 

In order to get the most sensitive response of 
the thermo-couple under rapid heating condi- 
tions its electrodes were welded to the specimen, 
each one separately and at-a distance of some 
2-3 mms. from one another, to ensure maximum 
heat penetration and minimum absorption loss. 
The pendulum used was that of a Charpy im- 
pact testing machine. 

Since the pendulum contact “dog” must 
have flexibility and is therefore subject to re- 
bound, which would vitiate the reading of the 
instrument, the stationary contact has an ex- 
tension piece, in the form of a strip of non- 
conducting material laid flush with it, so that the 
actual metal-to-metal contact is effected by 
purely sliding action. 

In order that the current used for heating the 
specimen should not be able to leak into the 
galvanometer circuit, the reading has to be made 
with the heating current switched off. This 
introduces a possibility of the specimen losing 
some of its heat, and it is important, therefore, to 





cut down to a minimum the interval between 
switching off the main current and closing the 
galvanometer circuit. This is attained by using 
an electromagnet to hold the pendulum in its 
raised position and arranging for its circuit to be 
interrupted simultaneously with the heating 
current. A further benefit of this arrangement 
is that the galvanometer circuit is thereby closed 
at a known and constant interval of time after the 
interruption of the heating process. 

Timing Mechanism. 

In studying rapid heating effects, not only 
the temperature, but also the time of heating is 
important. As time measurements accurate to 
0.01 secs. were required, a special apparatus had 
to be devised. This apparatus is shown in Fig. 2 
and consists of two Warren motors, one of which 
carries a recording disc, dusted with talcum, 
while on the other is mounted a magnet-actuated 
needle (in Fig. 2 a piece of hooked wire is shown 
instead of the needle). 


} 


Fig. 2. Timing device. 

When not recording, the needle is pulled away 
from the disc by the electromagnet. But when 
the heating current is switched on, the magnet 
coil is short-circuited, so that the needle falls on 
the disc, scribing a line. When the heating 
current is switched off the needle is again with- 














3 | 
Fig. 3. Wiring diagram for the measurement of current 
and voltage drop. 
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drawn from the disc by the magnet and the line 
js interrupted. 

The second motor is only necessary if the 
time to be measured exceeds that of a single 
revolution of the disc : its function is to move the 
needle and magnet, converting the scribed line 
from a circle to a spiral. It will be clear that the 
second motor must have a speed very much less 
than the first. During the experiment actually 
the speeds of the two motors were 60 and 2 r.p.m. 
respectively. 


Alternative Application. 


The same apparatus, with some modifications 
in the electrical connections, can be used for 
measuring the current strength and voltage drop 
in a specimen heated by continuous current. 

For measuring the current, the galvanometer 
is connected, instead of to the thermo-couple 
across the terminal of a suitable shunt. For 
measurements of potential it is connected to 
leads welded on to the two ends of the specimen. 

In these cases, of course, the galvanometer 
circuit is closed without interruption of the heat- 
ing current, and, therefore, defunctioning the 
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pendulum retaining magnet is an independent 
action. The timing device is accordingly re- 
connected in such a way that the needle is with- 
drawn from the disc when the pendulum magnet 
is switched off and not by the interruption of the 
heating current. 

The wiring diagram for the measurement of 
current and voltage drop is shown in Fig. 3. It 
will be seen that a two-way switch permits of 
either the one or the other measurement being 
made without altering any of the connections. 

The apparatus described has proved entirely 
successful in practice, and has now been in use for 
several months. One drawback should be men- 
tioned, however, and that is the difficulties en- 
countered in trying to work to a pre-determined 
temperature ; it is often necessary to use up 
several specimens before the desired result is 
achieved. This difficulty disappears, however, 
when a regular series of experiments is conducted. 

The installation has also been applied to 
specimens heated or cooled in different media, 
e.g., in a lead bath when the end of the thermo- 
couple was silver-soldered into a hole drilled 
through the specimen. 


LATEST RESEARCH WORK ON PROBLEMS OF BEARING TECHNIQUE 
By E. HEIDELBROCK. (From ATZ, Automobiltechnische Zeitschrift, Vol. 44, No. 14, July, 1941, pp. 349-353). 


AMONGST the numerous applications of bearings 
special attention should be given to those de- 
signed for automobile and aircraft engines, as 
they represent the group which is subject to the 
most adverse loading conditions. In such appli- 
cations space economy demands high bearing 
pressures and the intensity of loading varies 
cyclically. This naturally affects the flow of the 
lubricant and the hydrodynamic laws cannot be 
applied to it without modification, in contrast to 
static loading conditions. Consequently ex- 
perimental results are called upon extensively, 
and it is endeavoured to approach the conditions 
met with in practice, during the experiments as 


_far as possible. But this is not an easy task to 


fulfil, as in order to do so, many variable factors 
affecting the behaviour will have to be considered 
singularly, making the elementary physico- 
technical problem more and more complicated. 

Assuming that the basic principles of hydro- 
dynamics hold good also for these conditions, 
there still has to be distinguished between two 
distinct spheres of lubrication, namely the 
“floating lubrication” and the “ border lubri- 
cation.” For the first type the rule is that the 
maximum allowable bearing pressure is in- 


versely proportional to the square of the bearing 
clearance, and it is also dependent upon the shaft 
speed and the viscosity of oil. In practice, 
however, certain limitations restrict the full 
utilization of high journal speeds. 

With sufficiently small bearing clearance the 
bearing pressure may become, theoretically, as 
high as 1000 kg/cm? ; actually, the bearing play 
will depend on the accuracy of surface finish and 
the “form constancy ” of shaft and brasses at 
elevated temperatures and pressures. The form 
constancy is proportional to d+, but so far very 
little attention has been given to this factor. 
Overdimensioning of the shaft, within certain 
limits, therefore, will improve the form con- 
stancy of the shaft and the brasses and speed 
conditions will be also improved. 

Predetermination of the bearing clearance is 
important, because it will fix the “smallest 
clearance ” between shaft and bearing, and this, 
in turn, is the criterion of the working safety of 
the bearing. Further, it will be also the de- 
ciding factor as to when the condition of border 


friction has been reached. If this is the case, the 


metallic surfaces, with their 2-3 ,, projections will 
be so close to one another that the surface tension 
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of the enclosed oil film becomes effective andsome gy 
structural changes are caused in the molecular 4| " 
arrangement of the lubricant. It is believed that 

this causes strengthening of the oil film, and is in = 
this fashion responsible for the rise in the value. | 
of the co-efficient of friction past the “turning °% 
point.” The shearing force of the oil film passes 


T T T T T q 
—-—- Shaft temperature = Coeff. of friction 








LP ° 748 kgkn? | 
Prt?» | 
G04 





through a zero value at the critical point, and, in 
some instances, it might even become negative, 
causing reversal of flow of the lubricant. 

The limiting thickness of the oil film, on the 
other hand, never becomes zero, being the 
thickness of the absorbed films and depending 
upon the size of the oil molecules. Therefore, 
“running dry” is not strictly true. According 
to latest information the electric conductivity of 
the oil film is considerably raised under such 
conditions and this explains the illumination of 
the glow lamp which is often misinterpreted as 
metallic contact. 

The question as to what depth the surface 
residual valency forces affect the oil film is not 
yet unanimously agreed upon. On a free 
surface they act only to a depth of a few mole- 
cules, ic., 2— 10%. In bearings, however, 
conditions are different, owing to the additional 
shearing and compressive forces, and experimental 
results show that they probably affect the oil film 
to a depth of about 3-5 ». This means that the 
condition of border friction is reached much more 
frequently than was thought before. 

Border friction may be also the result of very 
low journal speeds. This is especially the case 
when a static load is acting in the absence of a 
fluctuating load. Even if the static load is very 
small indeed, a change of the viscosity might 
arise, such that the “breaking off contact” 
(e.g., when starting the motor) will demand a very 
large torque. If breaking off is periodically 
repeated, fatigue and corrosion of the metals might 
result. Therefore, a broader view on bearing 
problems incorporates the idea that defects of 
the bearing materials might not be caused only 
during normal running, but also at very small 
journal speeds. 

In the following some experiments will be 
described in which special attention was given to 
the region of small journal speed, namely, when 
border friction occurs. During the experiments 
fluctuating loading was employed. 


Comparison of Various Bearing Materials. 

The experiments were so arranged that 
bearing play, inlet temperature, viscosity, quality, 
and quantity of oil were identical throughout the 
series of tests. The bearing material was varied, 
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however, and in this way characteristic differences 
between the various materials were revealed. 
Fig. 1 shows the yu-speed curve for cast iron. 
It can be seen that at a load of only 14.8 kg/cm? 
the value of » starts to increase rapidly when the 
journal speed is reduced to 1 m/sec. Higher 
loading pressures could not be applied at all 
without the imminent danger of corrosion. 

In Fig. 2 the cast iron is replaced by WM 80, 
and here an almost horizontal curve can be ob- 
served. This characteristic is not affected by 
loads even as high as 175 kg/cm?. The differen- 
tial behaviour of cast iron and WM 80 cannot be 
explained by hydrodynamic laws, and conse- 
quently it must be assumed that this is a result 
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of the molecular physical properties of the three 
substances concerned : bearing, oil, shaft material. 

For white metal the p-speed curve is given 
in Fig. 3. At small loads (p = 44.4 kg/cm?) it is 
possible to reduce the coefficient of friction, 
down to speeds of v = 0.1 m/sec. and the shape 
of the curve corresponds to the laws of hydro- 
dynamics. The rising branch of this curve is 
also shown. At higher loads the curve flattens 
out and the turning point is raised. At a load of 
210 kg/cm? the minimum journal speed is 0.6 
m/sec. 

Fig. 4 shows that the p-speed curve for a 
white metal of slightly different composition. 
Here the turning points are generally higher than 
those in Fig. 3 and the limiting load is about 
169 kg/cm?. 

Finally, Fig. 5 shows the behaviour of syn- 
thetic resin as a bearing material. The maxi- 
mum loading in this case did not exceed 50 
kg/cm?. 

Permeability to Oil. 

A very interesting phenomenon in connection 
with pairing bearing and shaft materials—to 
which no attention has been given so far—is 
that under identical conditions (bearing play, 
shaft, oil pressure, and temperature, etc.), the 
quantity of oil flowing through the bearing varies 
considerably. Fig. 6 shows the quantity of oil 
flowing through the bearings when the material 
is that corresponding to Figs. 4 and 5. Although 
these are kindred materials, at p = 44.4 kg/cm? 
and v = 0.5 m/sec., the oil quantities involved 
are 30 and 52 I/h respectively. The difference 
becomes even more striking when completely 
different materials are used; Fig. 7 shows the 
oil quantities passing through the bearings at a 
pressure of 44.4 and 52.2 kg/cm? respectively. 
The pressures are of the same order, yet steel lets 
through only half the quantity of oil that flows in 
a synthetic resin bearing. The “ ability to flow” 
of oil is completely different for the two 
bearing materials. This applies to all sorts of 
oils. To illustrate this, the abscissae of Fig. 7 
represent 8 different types of oil with the vis- 
cosity increasing to the right. 

The above observation can be summarized as 


follows: When the condition of border friction is * 


reached, the oil flow through the bearing will 
depend upon the quality of the bearing material, 
being smallest for materials capable of with- 
standing the highest bearing pressure. The 
statement is not confined to the section of smallest 
gia but applies to the total oil quantity in- 
volved. 
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Surface Conditions. 


The micro-geometrical condition of the shaft 
and bearing surfaces are of primary importance 
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Q31%6 = 0628 126° f 252 v m/sek 
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* Fig. 5 


‘Quantity of oil 
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Fig. 6 
in the question of maximum loading. So far it 
has not been possible to design an apparatus 
capable of measuring surface roughness with 
sufficient accuracy for this purpose. In general 
it is aimed to obtain the most regular and 
smoothest surfaces, and in this respect much 
depends upon the crystalline structure of the 
bearing material. Much research work has still 
to be done in this connection until a clear picture 
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of the phenomena and factors affecting lubrica- 
tion can be drawn. 
Lubricant. 

So far the physical properties of the lubricant 
have hardly been considered. By the synthetic 
production of oil, a possibility has been laid open 
to manufacture oil of a molecular structure, 
especially suited to lubrication. Experiments 
have made it clear that the influence of the mole- 
cular structure of oil plays a most important part 
in the maximum bearing pressure that can be 
tolerated with a given bearing material. 

The viscosity of oil, though an important 
factor, is by no means a comprehensive charac- 
teristic of oil. Viscosity is known to depend on 
pressure and temperature, but it does not give 
any information upon certain characteristics of 
the oil as, for instance, its electrical and thermal 
conductivity. Another question open to dis- 
cussion is, why is heat generated in an oil film; 
the heat due to friction, i.e., due to the work done, 
is far from being equivalent to the heat evolved. 


BEARING LIFE INCREASED BY NEW FINISH 


By H. VAN DER Horst. 


THE hardness and resistance to abrasion of 
chromium has afforded a possibility for the solu- 
tion of difficult bearing problems. The pre- 
liminary difficulties encountered were a result of 


(From Machine Design, Vol. 13, No. 8, August, 1941, pp. 52-54). 


the smooth, bright, surface offered by the con- 
ventional plating processes ; oil will not “ wet” 
this surface, and its extreme uniformity is the 
antithesis of the generally recognised ideal bearing 
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which possesses minor surface irregularities. The 
recent development of a method for depositing, 
electrolitically, a porous plating of chromium on 
bearing surfaces overcomes these objections and 
offers a surface with extremely high resistance to 
wear, corrosion, and abrasion. 

It is in two-stroke diesel engines, burning the 
cheapest of fuels and operating under the poorest 
lubrication conditions, that the advantages of the 
special porous chromium-surfaced cylinders have 
been strikingly evidenced. Encouraged by the 
satisfactory results, the application of the process 
has already been extended to radial airplane engine 
cylinders, bus engine cylinders, and also to gaso- 
line and diesel marine engines, superheated steam 
engines, crank shaft bearings, crosshead pins 
valve guides, etc., with consistently good results. 

This surface is full of microscopic pits and pores 
so that its density is about 30% less than cast 
chromium. It has a hardness of about 1400 
brinell. It has a remarkably low coefficient of 


friction with cast iron. 

Chromium itself is brittle, but because of the 
close bond of adhesion of the plating, the property 
of fatigue resistance is a function of the base metal 
upon which the chromium is deposited. Re- 


sistance to fatigue increases as the hardness of the 
backing metal increases, and it shows great re- 
sistance to suddenly applied loads. Impact 
loading, however, will result in early failure be- 
cause of the poor cohesiveness of the material. 

Tests were carried out on a watercooled cy- 
linder barrel, chromium plated. The conditions 
of the test were 5 minutes idling, 10 minutes under 
load followed by 15 minutes cooling. The 
normal amount of lubricant was supplied. Wear 
data is shown plotted in Fig. 1 for both the cy- 
linder and the top piston ring. The rate of wear 
of the plain cast iron cylinder as extrapolated from 
this curve is approximately 0.00022 inch per 1000 
miles. Wear on the chromium plated cylinder, 
as shown in the graph is so low as to make a 
similar extrapolation impractical. 

The severity of the tests was increased by with- 
holding all oil supply during the preliminary 5 
minute idling period of each 15 minute run so 
that the only lubrication was that left on the 
cylinder walls from the previous run. Results 
of this test are shown on Table I. As before, the 
wear of the chromium plated cylinder was small 
and could not be measure accurately, but was of 
the order of 1/25 that of the plain cylinder. In 
addition, there was a corresponding reduction in 
piston ring wear which the figures indicate to 
range between 10:1 and 30:1. 
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Fig. 1 
TABLE I. 

Cylinder Wear 
4 in./100 miles 
Plain cylinder 0.0031 0.0274 
Plated cylinder 0.00015 0.0031 

A further series of tests was conducted in which 

the rings were plated. These tests involved 
continuous running in an aircooled engine at 1600 
revolutions per minute. Table II. summarises 
the results. 


Cylinder Condition Ring Wear 


in./100 miles 


TABLE II. 
Cylinder Wear Ring Wear 
in./100 miles _in./100 miles 
0.00007 0.00082 
0.000025 0.00022 


As a general rule the wear on porous chromium 
will be about one-tenth that on cast iron. How- 
ever, if service conditions are ideal this wear may 
be only one-fourth ; with low grade lubricants, 
abrasive conditions, and potential corrosion, wear 
on chromium may be as low as 1/20. 

Difficulties currently experienced in the corro- 
sion failure of leaded bronze bearings may be 
overcome by chromium treatment. Such a solu- 
tion is particularly desirable in that the only 
proved alternative is tin-base babbitt. 


Ring Condition 


Sand cast rings 
Plated rings 
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In designing for the application of porous 
chromium plating on any bearing surface there 
are several important considerations. First of 
these is the thickness of plating necessary. This 
decision is based solely on the type of service for 
which the bearing is intended. Normal rate of 
wear, conditions of abrasion and corrosion, de- 
sired service life, load characteristics, etc., are 
factors. Normally the thickness of the plating, 
based on these considerations, will vary between 
0.006 and 0.40 inch as measured on the diameter. 

In the case of bearings or cylinder liners of cast 


iron, variation in the structure of the iron, re- 
sulting in weak surface spots, will lead inevitably 
to the failure of the plating. All possible pre- 
cautions should be taken to mitigate these defects. 

There are no changes in design necessary to 
utilise the plating. Cost is always a vital con- 
sideration. In this respect one large manufac- 
turer of diesel engines for trucks, which formerly 
utilised dry sleeve liners, now uses the cheapest 
cast iron for their blocks. In so doing, the cost 
of the engine with chrome bores is actually less 
than formerly, when liners were used. 


STRESSES IN THE REINFORCEMENTS OF THE CUT-OUTS IN 
MONOCOQUE STRUCTURES 


By K. MARGUERRE. (From Luftfahrtforschung, Vol. 18, No. 7, July, 1941, pp. 253-261). 


LITTLE is known about the exact stress distri- 
bution in rings, and the effect of the reinforce- 
ments of cut-outs in monocoque structures. 
The typical case of the ring to be considered 
presents itself in the intersection of the larger 
circular cylinder, of radius a (Figs. 1 and la), 
with a smaller cylinder, radius b. The smaller 
cylinder itself forms the reinforcing ring which 
is assumed to be very stiff, and it is immaterial 
whether the ring is inserted partly or fully into 
the large cylinder or is wholly outside it as shown 


—>b 





Three cases of loading will be considered: 

(1) Tension in both cylinders caused by 
hydrostatic pressure on the walls of the cylinders. 

(2) Tension, longitudinal, in the large cylinder. 

(3) Torsion, on the large cylinder. 

All important cases of loading can be derived 
by the superimposing of the above cases, which 











will be discussed in the following. (Approxi- 
mate solutions will be given only, these are 
sufficiently accurate for practical stressing routine. 
The original article contains also the exact 
solutions and their derivation). 

Two bending moments are to be distin- 
guished : 
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M,=[ox:z-dF and Ms=— [oxy dF, 


Mo, the moment about the z-axis, being always 
(a 2 o) different from zero. ox is the direct 
stress along the x-directions, F is area, y and z 
are the respective distances from the C.G. plane. 

The torsional moment in its general form is 
My = G.Iry. 3, where G is the shear mo- 
dulus, I; the torsional rigidity, and # is the 
twist. 

For plotting the moment distribution a 
parameter « = G.I7/E.Iz has been introduced, 
where Iz is the moment of inertia about the 
z-axis, and E is Young’s modulus. 

For the first case of loading where the hydro- 
static pressure is denoted by p, the ratio of 
cylinder ratio b/a = «, the maximum moments 
are : 


(1) 
(2) 


(3) 


In Fig. 2 the maximum moments for the first 
case of loading are plotted against « for various 
values of the parameters «. In the second 
case of loading caused by the longitudinal ten- 
sion o, .t, the maximum moments are: 


Momax=31°t B® *.. ~ «= @ 


€ 


Mina=§or-t-b(1+Z-2) .. () 


qe... « «a © 


€ 

Mrmax= 75 

The corresponding graph is given in Fig. 3. 

For the third case, that of torsion (+ = shear 

Stress) the approximate equation can be stated 
as : 


Momax= 3 7 tb? aed Si a 


€ 
Mimax= v7 


art b2(1+015-<) .. (8) 


Mrrmax= 1 *t “b? (1 +0°3 - <?) .. (9) 


In the proximity of the region « = 1, the formule 
given above are unreliable for the second and 
third case of loading. For the case of torsion 
on the large cylinder the maximum moments are 
shown in Fig. 4. 


DIGEST 





950 






































































































































The formule and diagrams show clearly 
that with small <« the moment Me is of im- 
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portance only. A small « means a small cut- 
out ; in this case the ring can be considered plane. 


It has been said before that the present in- 
vestigation is based on the assumption of a very 
stiff ring. A thin skin, and transverse frames 


distantly located from the cut-out are further 
necessary assumptions. 

If the actual structure does not satisfy these 
assumptions experiments will have to be made. 
Nevertheless, the present method enables the 
approximate values to be calculated. 


RANGE AND BOMB LOAD OF AEROPLANES 
By R. Kassowitz. (From Flugwehr und Technik, Vol. 3, No. 5, May, 1941, pp. 107-109). 


ALTHOUGH speed and manceuvrebility of modern 
bombers are considered to be of primary import- 
ance in design, their military value will depend on 
other factors ; since the principle duty of bombers 
is to carry the greatest possible bomb load over 
the target, obviously the military value of the plane 
will be a function of the ratio : 

Bomb load carried to target 

time of flight 


In this article the analytical determination of 
the bombing efficiency will be discussed, and the 
following notation be used: 

Lg =bombing efficiency in kg/h. 

Ga =take off weight of bomber aircraft in kg. 

B=bomb load in kg. 

Gp=weight of fuel carried by aircraft in kg. 

Gy. =net weight of aircraft. 

Gps=fuel consumption in kg. 

R=radius of action in km. 

S=total distance of flight (2R) in km. 

bx=sp. consumption in kg/H.P. hr. 

tp=time of flight outbound in secs. 

tr=time of flight inbound in secs. 

s=length of take off. 

t=time in secs. 

v=velocity in m/sec. 


The fuel used by the aircraft during a small 
distance ds is 


dG = — 


= “bombing efficiency.” 





beN-dt a) 
3600 
and the engine output N is given by 
Gre'v 
> Np 
where 7p is the airscrew efficiency and « = 


Cw/Cay Cw being the drag coefficient and c, being 
the coefficient of lift. Hence we get 


< = — by. eds/75.3600- np —..(2) 


For simplicity of calculation it will be assumed 
that yp, bx, and ¢ remain constant. (This assump- 


tion was checked by more accurate calculation 
with varying values of these factors and it was 
found that the error involved is negligible). 


Therefore, integrating between the limits G, 
and G,, 


Gi _ e-SS and 


a 


C = by. <./75.3600.np.. ..  .(3) 


From this, the maximum distance without 
bomb load becomes 


Ss = 


log(G,/G,) 
C 


In order to make S a maximum, C and conse- 
quently « must be a minimum. If now G* de- 
notes the net weight of the aircraft + fuel for 
inbound journey, then for outbound journey we 
get 


G* + B=e®-G,.. 
and for the inbound journey 
1 = eR. G*.. 
Hence the maximum bomb load is given by 
B = Ga -e7cR _ G, -etcR . (6) 
From the condition, lift = weight, the speed of 
the aircraft is given by 


oe ke 
Ca: F-p 


From equation (3) and (6) we obtain 

Gp/Ga = i oe e7c-s 

Gps/Ga = 1 = eos. ee . -(8) 
The total weight of the aircraft at any point of its 
journey is given by 

G = Ga — Gps oe oe . (9) 
Finally the speed of the aircraft is given from 
equations (7), (8) and (9) 
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The time of flight of the distances is 


Ss 
{ ds 
t co —_— 
Vv 
Oo 
By integration, the time for the outbound journey 
y- . (ec-R/2 ee 1) 
_— 3600-C-VK-G, Behe ahs (11) 
and for the inbound journey 
- 2: (ec-R/2 = 1) 
= 3600-C. VK.G, et 


From these the bombing efficiency can be 
calculated 


B 


— 


to FG 


This shows clearly that if the aircraft is flying 
at an economical cruising speed the bomb load is 
large, if however it travels at maximum speed, the 
bomb load is considerably reduced ; there exists 
an optimum speed for a radius of action R, for 
which the bomb load becomes a maximum. 

To illustrate the relationship between bombing 
efficiency and action radius, the values of « and 
the bomb load are calculated for a certain aircraft 
(Figs. 1 and 2). In Fig. 2 the bomb loads for 


Ca 


{9 


Fig. 1 


different R are calculated for three values of «. 
Fig. 3 shows the values of bombing efficiency for 
various action radius and ¢. 

The rapid decrease in the bombing efficiency 
With increasing distance of the target within 500 
km radius is apparent, indicating the need for 
aerodromes as near to the enemy positions as 
possible. The curve showing the bombing 
efficiency flattens out beyond a 500 km radius 
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due to the improvement caused by the optimum 
value of «. 

As a practical example of the effect of reducing 
the radius of action, the distance between Tripolis 
and the Suez Canal is 1800 km. while the distance 
between Bardia and the Suez Canal is only 700 
km. In order to achieve the same bombing effect, 
4.5 times the planes have to be used from Tripolis 
as the aircraft base, than from Bardia. 

Naturally, if larger bomber aircraft are used, 
then provided the ratio between take-off load and 
net aircraft load remains unaltered, the bombing 
efficiency will remain the same for a larger radius 
of action. With the design of giant aircraft, 
however, it can be expected that a decrease in the 
ratio G,/Gy will be introduced and the bombing 
efficiency will consequently fall off. 


Ls (kg/h) | 


4000 
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*“ ELECTROGEAR ”—A NEW ELECTRO-MECHANICAL 


THE 


DIGEST 


VEHICLE DRIVE 


By ERNST WEBER. 


I.—Introduction. 


EVER since internal combustion engines have been 
used for the propulsion of vehicles, attempts 
have been made in great number to find a method 
of flexible transmission of torque from the en- 
gine to the wheels. In spite of the great variety 
of more or less automatic transmissions now 
available none of these can truly lay claim to be 
the ultimate solution of the problem. The 
only and earliest solution outside the field of 
strictly mechanical means is the well-known gas- 
electric transmission, in which the engine drives a 
generator at nearly constant speed and one or 
two motors are coupled to the driver axle. This 
gas-electric transmission would appear to be the 
ideal solution, since it gives a continuously 
variable torque ratio, were it not for the large 
loss of efficiency and the large size and weight of 
the electrical machines needed to carry the whole 
engine power. 

The paper describes an entirely new prin- 
ciple of power transmission, invented by A. H. 
Neuland, and developed during recent years 
through the support of The Power Transmission 
Company of New York City, owners of the 
patents. Since the transmission embodies electri- 
cal machines connected through the elements of a 
differential gear of the planetary type, the name 
“ Electrogear ” has been adopted for it. 


re 
le i 
9 








F  Niccaal “ii 
Figure 1. Schematic diagram of Electrogear 


BA, RA, REG—Armatures 
D—Planetary differential gear 
E—Engine 

OS—Output shaft 


IIl.—Principles of Operation and Design. 

Fig. 1 is a schematic sketch of the Electro- 
gear drive with only the armatures of the electrical 
machines indicated for simplicity; Fig. 2 shows 
the connection diagram and Fig. 3 gives a more 
detailed sketch of the differential gear. The arma- 
ture BA of one of the electrical machines (called 
booster) is directly coupled to the engine shaft IS 
and the ring gear R of the differential gear. The 
armature RA of the second electrical machine 
(called reducer) is coupled to the sun gear S of 











(From Electrical Engineering, Vol. 60, No. 7, July, 1941, Trans., p. 770/77). 


the differential gear and usually is mounted on 
a hollow shaft or quill Q. Both machines are 
series wound d.c.-machines, connected in series 
for forward operation of the vehicle, as seen in 
Fig. 2. The auxiliary generator has its armature 
REG driven by suitable gears or by belt from the 
output shaft OS, which in turn carries the planet 
spider with the planets P of the differential gear. 
This auxiliary machine, called regulator, is 
connected parallel to the booster field ; its func- 
tion is the distinctive feature of the Electrogear, 


‘292 
eI Ar 
(*) wo MM Gs) 


Figure 2. Diagram of Electrogear connections 
for forward operation 


BA, RA, REG—Armatures 
BF, RF, REG F—Series field windings 
BI, RlI—Interpole windings 








1. Operation of the Electrogear. 


In forward operation, with the vehicle stand- 
ing and the engine idling, the ring gear and booster 
armature BA will turn with engine shaft speed, 
whereas the planet spider and output shaft are 
at rest. Thus, the sun gear with the reducer 
armature RA has to turn in a direction opposite 
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Ts { = ——__ _ os 
Yj i —— 


* 
ml 
Planetary ring gear differential 

Q—OQuill 


IS—Engine shaft 
OS—Output sheft 





Figure 3. 


R—Ring gear 
P—Planets - 
S—Sun geer 
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machines are so connected, that under these 
mechanical conditions the reducer will act as a 
self-excited generator and feed current into the 
booster, which will act as a motor permitting just 
enough current flow to maintain polarities with- 
out moving the vehicle. 

Depression of the accelerator pedal increases 
the engine speed and power, and, therefore, the 
electric power generated by the reducer, which 
drives the booster as motor in the same direction 
of rotation as the engine. Thus, the ring gear 
torque is actually the sum of engine and booster 
torques. Since both, ring gear torque and re- 
action torque of reducer act in the same direction 
upon the planet spider, a considerable driving 
torque multiplication takes place comparable to 
“first gear’ in mechanical transmissions ; the 
planet spider starts revolving and the vehicle 
starts moving. As the vehicle, and with it the 
planet spider, speeds up, the reducer slows down 
so that without any further action the vehicle 
could reach only a comparatively low speed de- 
termined by the electro-mechanical balance of 
torques. 

However, part of the main current is shunted 
through the regulator, which has its field so 
connected as to generate a voltage in opposition 
to the voltage drop across the booster field. 
Since the regulator speed increases with vehicle 
speed, the regulator voltage also increases and 
eventually reverses the current in the booster 
field. The electrical design, of course, must 
correlate this period with the period in which 
the reducer has slowed down enough to be un- 
able to drive the booster as motor, so that the 
regulator, furnishing from now on the field 
excitation of the booster in reversed direction, 
forces it to act as generator. With the main 
current continuing to flow in its original direction, 
the reducer must now reverse its direction of 
totation to run asa motor. It is quite obvious 
that the regulator is the automatic governor of 
the booster and determines the overall action 
of the electrical flow of power, which is differen- 
tally superimposed upon the mechanical power 
transfer. Since the transmission from motor-to- 
generator state and vice versa are accomplished 
moothly and without any interruption, the re- 
uulting variation in driving torque is also con- 
lnuous and responsive to the degree of depres- 
ion of the accelerator pedal, which is an inherent 
ature of this transmission. 

As soon as the reducer reverses its direction 
if rotation, all three elements of the differential 
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gear, planet, spider and sun gear are rotating in 
the same direction. Obviously, at some parti- 
cular vehicle speed the differential gear will 
rotate as a solid unit, in which case, the torque 
ratio between input and output must be unity, 
corresponding to “high gear” in the usual 
mechanical transmission. Advantageously, one 
can choose to have this occur close to the most 
economic speed of the engine with respect to 
fuel consumption. Further increase of vehicle 
speed automatically brings about the condition 
of “overdrive,” since the regulator output also 
increases and forces the booster to generate an 
increasing voltage at almost constant speed, 
which, in turn, speeds up the reducer as motor ; 
thus the ratio of engine to vehicle speed decreases 
to a value below unity, which is determined 
primarily by the amount of conversion into 
electric power at top speed of the vehicle. 
Reverse operation is obtained by reversing the 
fields of booster and reducer with the regulator 
disconnected. The booster now acts as self- 
excited generator and the reducer runs as motor. 
The maximum speed is, of course, limited. 


2. Some Special Features of Design. 

Referring to Fig. 3 and denoting with r the 
ratio of the number of ring gear teeth to the 
number of sun gear teeth, one finds for the ratio 
G of the torques on output and input shafts the 
value 


—1 
Tos = *— 


* Tis=G Tis - () 
Obviously, the largest value of G is obtained for 
the smallest value of r; for mechanical reasons, 
therefore, G < 1.8, which restricts this type of 
planetary differential to use in vehicles with low 
torque multiplication, as, for example, in passenger 
cars. 

For larger torque multiplication a differential 
gear of the type shown in Fig. 4, a double planet 
gear, has to be used. Denoting the ratio of 
8 





Figure 4. Double-planet differential 


A—Input sun gear B, C--Planets 
D—Output sun gear O—Qauiil 
IS—Engine shaft OS—Output shaft 
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Fig. 5. Simplified drawing of Electrogear layout for a city bus. = 
teeth in B to A, usually the same as that in D and rator 20 kW at 1200 r.p.m., max. speed 
C, as q, one has for the torque ratio G of output 2200 r.p.m. Glass insulation is used to 
to input shaft take full advantage of the maximum tem- 

Tos=q@2: Tis=GTis .. . @ peratures permitted by AIEE Standards for 

i-th beidaamatit sina: aie Me d fi traction machines. Experience will tell what 

i oF ore ie 8 a a a effective cooling the machines may have on 
a ee ee account of their particular location on the 
3. Example of Installation. moving vehicle. 

In the following some data are given relating Planet gear: double planet gear type (Fig. 4). 
to an Electrogear designed for an A. C. F. Bus, Layout in simplified lines in Fig. 5, view in Fig. 6. 
weighing 14,220 lbs. empty, and 19,420 Ibs. Remarkable features: Excellent paths for 
with seated load. the cooling air, which is supplied through 
Engine: Hall-Scott 135 engine, delivering 116 air cleaners. 

h.p. at 2000 r.p.m.; 9 h.p. used in acces- Actual weights : 

sories, 107 available for transmission. Booster (complete with shaft) .. 393 Ibs. 
Requirements assumed: 10 stops per mile, 11 Reducer (complete with quill) .. 534 ,, 

sec. for each stop ; scheduled speed 11 miles Regulator (complete with renee a 

p-h. ; acceleration up to 25 m.p.h. between Planet gears + - B » 

stops. Electric control (with cover and 
One hour rating of electrical machines : brake resistor) 5% s 

Booster as motor 22.5 h.p. at 1900 r.p.m., Air cleaners and miscellaneous 

max. speed 2600 r.p.m. Reducer as gene- parts .. ee me oi 29 55 





Total weight 1112 Ibs. aft 


The weight exceeded the computed weight px 
by about 150 lbs., which probably will be spared ed 
in future. pe 

The electrical control consists principally of a on 
selector switch which connects the electrical wk 
machines for: engine starting, forward and 5° 
reverse, and several relays, which reduce the ton 

’ effort of the driver to a minimum, namely con- Th 
ventional operation of accelerator and brake pe 
pedals. The relays provide appropriate inter- pi 
locks. 26 

III.—Comparative Test Datas. the 


Comparison of the Electrogear performance was § con 
made with the standard mechanical and the gas- § var 





Fig. 6. Photographic view of Electrogear on the 
dynamometer stand. electric drives. 








_ speed 
sed to 
n tem- 
rds for 
‘ll what 
lave on 
on the 


x. 4). 
Fig. 6. 

hs fer 

hrough 


oe 
56 ” 


—__—_—_—— 


12 Ibs. 


weight 
spared 


lly of a 
ectrical 
d and 
ce the 
ly con- 

brake 

inter- 


ce was 
1¢ gas- 





THE ENGINEERS’ DIGEST 443 


Results of. acceleration runs are shown in 
Fig. 7. During acceleration period only a very 
small fraction of engine power is circulating 
electrically, so that the losses of the double con- 
version are very small. Efficiency during accele- 
ration 80 to 92%. 

Gradability tests made on a special test hill 
near Philadelphia (700 feet long, grade appr. 
15%): From a standstill at the foot of the hill the 
bus was travelling at a speed of 10 m.p.h., in less 
than 15 secs., and was at the top of the hill at 
14.5 m.p.h., still accelerating. Performance was 
the best obtained on that hill with any bus trans- 
mission. 

Continuous performance and temperature 
under severe strain. 






OISTANCE FEET 


CAR SPEED MILES PER HOUR 


fe) 


TIME SECONDS 
Figure 7. Full throttle acceleration of city bus 


Electrogear 
saat ea ees Gas-electric 
pepe eee Gearshift 


Operation: 3 miles with 13 stops per mile, 
after a 5 minute interval 74 miles with 10 
stops per mile and 11 secs. per stop, acceleration 
up to 25 m.p.h. between stops. At the 114th 
stop the cooling water of the engine boiled over 
and the brakes were smoking hot. Yet the 
temperature of the Electrogear machines measured 
with thermo-couples inserted in the field coils was 
25°C. for the reducer and 43° C. for the booster 
lower than the permissible maximum temperature. 
The schedule speed during this break-down test 
tun was 11.6 m.p.h., taking 5 min. 11 secs. for 
cvety 10 stops. Gasoline consumption was 
2.67 miles per gallon on this severe schedule. On 
the basis of this and other tests Fig. 8 has been 
computed. Fig. 9 shows fuel economy for 
various numbers of stops per mile. 


SCHEDULE SPEED MILES PER HOUR 





zs STOPS PER MILE 


Figureg Schedule speed. Stops 11 see- 
onds. Acceleration to about 25 miles per 
hour 


Electrogear 
—- Gas-electric 


Curves for gear shift in the figures relate to a 
bus with standard gear shift transmission, weight 
18,000 Ibs. 

Fig. 7 shows the superiority of the continuous 
driving torque of the Electrogear as ‘compared 
with the twice interrupted power flow in the 
gear shift transmission. which, in spite of the 
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Figure 9 Fuel economy for various stops 
per mile and different reer axle ratios _ 


Electrogear (18,500 pounds. 
------- Gearshift (19,980 pounds) 
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Fig. 10. Available instantaneous rate of acceleration of 
a city bus with a gearshift transmission (--- ) as 
compared with the Electrogear. 


almost equal initial acceleration rate, causes a 
loss in momentum serious enough to affect the 
performance. This can be seen very much 
better in Fig. 10, in which the available instan- 
taneous acceleration rates are plotted against car 
speed, and the vertical dotted lines represent the 
necessary interruption in acceleration during the 
shifting of gears. Back-shifting of gears is 
particularly annoying and traffic delaying in hilly 
terrain. The automatic adjustment of driving 
torque is a great advantage of the Electrogear, 
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and results in a considerable saving in fuel con- 
sumption. Repeated shifting of gears decreases 
the fuel economy at the heavier schedules, bring- 
ing it into the range and below that of the Electro- 
gear beyond about 5 stops per mile. 

In general the Electrogear is at least as 
efficient as the gear-shift drive, and when designed 
for any particular operating requirements, it can 
be even much more economical. 

Total weight of a gas-electric drive using the 
same engine Hall Scott 135 is 19,200 lbs. Fig. 7 
shows that the gas-electric acceleration is con- 
siderably less than that of the Electrogear. This 
is accounted for by the fact that for city bus 
installation the Electrogear is designed to have 
very little engine power circulating through its 
electrical machines between 8 and 24 m.p.h. car 
speed. For the same reason the gradability of 
the Electrogear is considerably higher than that 
of the gas-electric drive using the same engine. 
Fig. 8 shows that the scheduled speed of the gas- 
electric drive is about 1.6 m.p.h. lower than that 
of the Electrogear. 

From comparison of the gas-electric drive 
with the equivalent gear shaft drive obtained in 
actual operation one can judge that the average 
fuel consumption of the gas-electric drive is 
about 20% higher if the acceleration is about 
the same in both cases. The gas-electric total 
fuel consumption should be even higher in com- 
parison with the Electrogear, since it has been 
established by tests that in a schedule of 5 stops 
per mile or more the Electrogear city bus is even 
more economical than the gearshift bus. 


NEW APPLICATIONS OF METALLIC DIAPHRAGMS 
By ADOLF BRENDLIN. (From Die Warme, Vol. 64, No. 16, 19th April, 1941, pp. 171-176). 


(In this article it is not intended to include thick 
sheet plates of 0.3 mm. and above, and in the 
following, a diaphragm is understood to be a thin 





plate which is used for transmission of pressure 
and movement). 

A very limited field of application only was open 
to diaphragms of the older 
design. Not only was it impos- 
sible to design them to with- 
stand high pressures, but even 
moderate pressure in conjunc- 
tion with a large deflection of 
the diaphragm caused frequent 
failures, the stresses in the in- 
dividual waves of the corrugated 
diaphragm plate being trans- 
mitted to the peripheral line 
of attachment (Fig.1, the deflec- 
tion is greatly exaggerated). 
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In an endeavour to overcome this difficulty, 
resort was made to discs of rubber and resilient 
plastics, but the anticipated success did not 
materialise, since, as can be seen from Fig. 2, the 
rubber disc underwent deformation before the 
regulating valve at the centre could follow the 
change of pressure: and because of this, no true 
pressure regulation could be obtained. 

The composite diaphragm shown in Fig. 3 
was designed for large deflections, but was still 
unsuitable for operation with high pressures. 
Furthermore, such diaphragms could not be 
sealed completely pressure tight, and frequent 
jamming was liable because of impurities in the 
liquid or gas. 





Fig. 3 


The first step towards an improved diaphragm 
design is indicated in Fig. 4. Here, the corru- 
gated diaphragm is supported by semi-circular 
tings which are held in position by a lever arm. 
Although there is an improvement in the pressure 
distribution of the diaphragm, the design will not 
tolerate heavy deflections. 








Fig. 4 


A modification of this principle, however, 
leads to the most recent diaphragm design, which 
is applicable to high pressures (100 atm and above), 
and by connecting several units in series the de- 
flection can be increased at will. The stresses in 
the diaphragm are uniformly distributed and this 
is responsible for a prolonged working life. The 
development of the diaphragm design has thus 


created a very wide field of application for their 
use. 
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Fig. 5 


Fig. 5 shows the cross section of a modern 
diaphragm. The supporting rings as well as the 
crests of the corrugations of the diaphragm rest 
on segmental discs, which are fixed by a central 
and a circumferential fastening ring. The di- 
mensions of supporting ring, clearance, and wave 
height, are shown in Fig. 6. The most important 
feature of this design is that when the diaphragm 
is deflected the corrugated plate is forced on to the 
supporting rings in such a fashion that the stresses 
in the individual corrugations are not transmitted 
to the adjacent corrugations, or for this reason to 
the peripheral line of attachment. 
























S 


P<10°; 
H=h—x= 10,716, 
—0,0455 . r=10,716—1,82=8,9 mm. 


Fig. 6. r=401=2.r=80, f=0,4.r=16, 


h=0,2679 . r=0,2679.40= 10,716, 


The clearance (x) between the rings and plate 
(Fig. 6), must be carefully arranged. When the 
diaphragm is loaded, the corrugated plate will lie 
flush on the supporting rings, and a greater part 
of the plate forming the troughs will rest upon the 
segmental rings. During the deflection of the 
diaphragm, the rings will deflect together with the 
disc and will arrange a uniform wave distribution 
of the diaphragm ; this of course is accompanied 
by a flattening out of the corrugations. The 
angle should be small, and as a general rule, the 
larger the deflection the smaller should be the 
angle. 


(To be continued) 
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stripped water 


In the preparation of tobacco for good quality cigarettes, the centre stem is 
stripped from the leaf in the manner shown above, but if this process is not 
carried out, tobacco including the centre stalk is uneven and contains dust 
which irritates the throat of the smoker. Similarly with the water required 
for feeding into water tube boilers it is necessary to strip from it the soluble 
salts and other impurities in order to secure a non-scaling, non-corrosive 
feed water. The Permutit “Deminrolit” Process produces a perfect 
stripped water from any supply without the use of heat or steam. 
For full particulars write for publication “ Distilled Water without Distillation” to The 


Permutit Company Limited, Dept. T.B ., Permutit House, Gunnersbury Avenue, London, W.4. 
Telephone: Chiswick 6431. 








